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PREFACE 
T h i s  paper  c o n t a i n s  i n fo rma t ion  on t h e - T a s k  Force  Meeting 
on " N e w  Technologies  f o r  t h e  U t i l i z a t i o n  o f  A g r i c u l t u r a l  By- 
Produc t s  and Waste M a t e r i a l s "  h e l d  a t  IIASA on September 23-24, 
1980 a s  p a r t  o f  t h e  a c t i v i t i e s  o f  t h e  new t a s k  (The L i m i t s  and 
Consequences o f  Food Produc t ion  Technolog ies )  o f  t h e  Food and 
A g r i c u l t u r e  Program. 
An overview o f  t h e  pape r s  p r e s e n t e d  a t  t h e  meet ing,  and t h e  
r o l e  o f  t h e  meet ing i n  r e l a t i o n  t o  t h e  t a s k ' s  o v e r a l l  a c t i v i t i e s  
i s  g i v en ,  and t h e  r e s u l t s  o f  t h e  review o f  new t e c h n o l o g i e s  
s t a r t e d  a t  t h e  meet ing a r e  i n d i c a t e d .  The meet ing saw t h e  
beg inn ing  o f  f u r t h e r  c o l l a b o r a t i o n  w i t h  n a t i o n a l  i n s t i t u t i o n s  
and fol low-up a c t i v i t i e s  a r e  p lanned w i t h i n  t h e  t a s k  f o r  1981. 
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INTRODUCTION 
J a r o s l a v  H i r s  
The Food and A g r i c u l t u r e  Program a t  IIASA f o r m u l a t e d  i t s  
major  a ims a s  f o l l o w s :  
-- t o  e v a l u a t e  t h e  n a t u r e  and d imension o f  t h e  wor ld  food 
problem; 
-- t o  i d e n t i f y  t h e  f a c t o r s  a f f e c t i n g  t h i s  s i t u a t i o n ,  and 
-- t o  i n v e s t i g a t e  a l t e r n a t i v e  ways o f  a l l e v i a t i n g  c u r r e n t  
food problems and p r e v e n t i n g  f u t u r e  o n e s  on t h e  n a t i o n a l ,  
r e g i o n a l  and g l o b a l  l e v e l s .  
Dur ing  t h e  f i r s t  y e a r s  o f  r e s e a r c h  a c t i v i t i e s ,  t h e  Program's  
major  f o c u s  was on t h e  s h o r t  o r  medium term economic problems 
o f  a g r i c u l t u r a l  p r o d u c t i o n  and food s u p p l y  on  t h e  n a t i o n a l  and 
g l o b a l  l e v e l .  
I n  1980 a  new t a s k  was s t a r t e d  w i t h i n  t h e  Program's  s t r u c t u r e * ,  
o r i e n t e d  towards  long- term p e r s p e c t i v e s  o f  a g r i c u l t u r a l  development .  
Recogniz ing  t h e  i n c r e a s i n g  s c a r c i t y  o f  some c r u c i a l  r e s o u r c e s  f o r  
a g r i c u l t u r a l  p r o d u c t i o n  ( e . g .  l a n d ,  e n e r g y ) ,  and a t  t h e  same t i m e  
t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  i n c r e a s i n g  food demand i n  r e l a t i o n  
t o  t h e  growing p o p u l a t i o n ,  t h i s  t a s k  f o c u s e s  on t h e  problems o f  
t e c h n o l o g i c a l  t r a n s f o r m a t i o n  i n  a g r i c u l t u r e .  
One o f  t h e  i m p o r t a n t  a s p e c t s  o f  t h i s  i n v e s t i g a t i o n  i s  t h e  
s u s t a i n a b i l i t y  o f  a g r i c u l t u r a l  sys tems  i n  t h e  l o n g  r u n  which 
n e c e s s a r i l y  s u g g e s t s  t h e  c o n s i d e r a t i o n  and i n v e s t i g a t i o n  o f  t h e  
p o s s i b l e  env i ronmenta l  impac t s  o f  new t e c h n o l o g i e s  a s  w e l l  a s  
t h o s e  p r e s e n t l y  i n  use .  
* T e c h n o l o g i c a l  T r a n s f o r m a t i o n s  i n  A g r i c u l t u r e :  Resource 
L i m i t a t i o n s  and Environmenta l  Consequences (Research  P l a n  
1981-1985). 
When b e g i n n i n g  work o n  t h i s  t a s k  t h e  c o m p l e x i t y  o f  t h e  
p rob lem w a s  r e c o g n i z e d ,  b e i n g  o f  g l o b a l  i m p o r t a n c e  a s  f a r  a s  
f u t u r e  f o o d  p r o d u c t i o n  i s  c o n c e r n e d ,  b u t  a t  t h e  same t i m e  h a v i n g  
r e g i o n a l l y  s p e c i f i c  a s p e c t s  r e q u i r i n g  a n  a p p r o p r i a t e l y  d e t a i l e d  
l e v e l  o f  r e s e a r c h .  Thus ,  work was f o c u s e d  on  t h e  deve lopmen t  o f  
a  methodology*,  a n d  t h e  d e s i g n  o f  a  s y s t e m  o f  mode l s  which  c o u l d  
b e  u s e d  f o r  t h e  g e n e r a t i o n  o f  a l t e r n a t i v e  p a t h s  o f  t e c h n o l o g i c a l  
d e v e l o p m e n t ,  and  t h e  a p p l i c a t i o n  o f  t h i s  methodology  i n  a  number 
o f  s e l e c t e d  a r e a s  i n  t h e  form o f  c a s e  s t u d i e s .  
An i m p o r t a n t  p a r t  o f  t h e  t a s k ' s  s t r u c t u r e  is  t h e  r e v i e w  o f  
t e c h n o l o g i e s  p r e s e n t l y  a v a i l a b l e  and  t h o s e  t h a t  w i l l  b e  a v a i l a b l e  
d u r i n g  a p e r i o d  o f  t h e  n e x t  20 y e a r s .  T h i s  r e v i e w  s h o u l d  i n c l u d e :  
-- t e c h n o l o g i e s  w i d e l y  u s e d  a t  p r e s e n t  i n  f o o d  p r o d u c t i o n  
( t r a d i t i o n a l  t e c h n o l o g i e s )  ; 
-- t e c h n o l o g i e s  l i k e l y  t o  b e  a v a i l a b l e  d u r i n g  t h e  n e x t  2 0  
y e a r s ,  u s i n g  t h e  same k i n d  o f  key  i n p u t s  and  g i v i n g  
t r a d i t i o n a l  t y p e s  o f  p r o d u c t s  (new t r a d i t i o n a l  t e c h n o -  
l o g i e s )  ; 
-- n o n - t r a d i t i o n a l  t e c h n o l o g i e s ,  wh ich  a r e  o r  w i l l  be 
a v a i l a b l e  f o r  t h e  p r o d u c t i o n  o f  f o o d ,  f e e d  o r  b i o e n e r g y  
f rom n o n - t r a d i t i o n a l  s o u r c e s .  
The u l t i m a t e  g o a l  o f  t h e  t a s k ' s  a c t i v i t i e s  i n  t h e  l a t t e r  
f i e l d  a r e :  
-- t o  r e v i e w  p r e s e n t  knowledge o n  t h e  deve lopmen t  and  u s e  
o f  s u c h  t e c h n o l o g i e s ;  
-- t o  assess t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e s e  t e c h n o l o g i e s  
and  t h e i r  p o s s i b l e  i m p a c t  o n  t h e  f o o d  s i t u a t i o n  
a )  i n  p a r t i c u l a r  r e g i o n s ,  and  
b )  on  t h e  g l o b a l  l e v e l ;  
-- t o  a n a l y z e  t h e  f a c t o r s  i n f l u e n z i n g  t h e  i m p l e m e n t a t i o n  
o f  t h e s e  t e c h n o l o g i e s .  
I n  o r d e r  t o  i n i t i a t e  t h i s  r e s e a r c h  work,  a Task  F o r c e  ?.:eeting 
w a s  h e l d  a t  IIASA o n  September  2 3 r d - 2 4 t h ,  1980 a s  a fo l low-up  t o  
p r e v i o u s  c o l l a b o r a t i o n  and  p r e p a r a t o r y  work j o i n t l y  c a r r i e d  o u t  
w i t h  t h e  Depa r tmen t  o f  Food S c i e n c e  and  Techno logy ,  T b i l i s i  S t a t e  
U n i v e r s i t y ,  U.S.S.R., and  t h e  N a t i o n a l  C o l l e g e  o f  Food Technology ,  
U n i v e r s i t y  o f  R e a d i n g ,  Weybridge,  S u r r e y ,  U . K .  
The Task  F o r c e  ~ e e t i n ~ +  was h e l d  t o  o b t a i n  a p r e l i m i n a r y  
i n t r o d u c t i o n  t o  t h e  f i e l d  o f  knowledge r e l e v a n t  t o  t h e  p r o d u c t i o n  
o f  f o o d ,  l i v e s t o c k  f e e d  a n d  s o u r c e s  o f  b i o - e n e r g y  f rom w a s t e  
m a t e r i a l s  o f  a g r i c u l t u r a l  ( o r  f o r e s t r y )  o r i g i n .  
The m e e t i n g  d i d  n o t  a t t e m p t  t o  c o v e r  t h e  whole  r a n g e  o f  
new t e c h n o l o g i e s  and  it was s u g g e s t e d  t h a t  t h e  p r e p a r a t i o n  o f  a 
comprehens ive  l i s t  s h o u l d  b e  t h e  f i r s t  s t e p  i n  a  s y s t e m a t i c  
s t u d y  o f  t h e  t o p i c  by IIASA. 
* see D .  Reneau,  H .  v a n  A s s e l d o n k ,  K.  F r o h b e r g :  L i m i t s  a n d  
Consequences  o f  A g r i c u l t u r e  and  Food P r o d u c t i o n :  A G e n e r a l  
Methodology f o r  t h e  Case  S t u d i e s .  WP-81-15 
+ see ~ p p e n d i x  f o r  list o f  p a r t i c i p a n t s .  
The majority of papers presented concerned the production 
of protein for livestock feed. Some papers dealt with a specific 
example of one new technology while others reviewed more briefly 
the state of the art in a number of new technologies. Other 
papers were mainly concerned with the type and quantities of 
waste materials and by-products available and illustrated how 
extensive quantities of waste were produced between the stages 
of harvesting and consumption of both plant and animal sources 
of food. The production of alcohol and biogas were the two 
sources of energy from biological materials on which presentations 
were given at the meeting. The economic aspects and the para- 
meters involved in assessing the introduction of new technologies 
were also reviewed in separate papers. 
In order to obtain the type of data required for the IIASA 
study, a provisional questionnaire was erepared for the Task 
Force Meeting and was completed by those attending in respect of 
a specific example of a new technology concerned with the 
production of food, feed or a biological source of energy. Of 
the eleven replies (see Table 1) to the key question on the 
questionnaire, namely, whether it was feasible that the technology 
could be applied within the next 20 years, 10 positive answers 
were given. On the other hand, only one suggested that the 
technology may have negative environmental effects. 
Although the answers to the questionnaire gave useful 
information on the technologies listed, it was suggested during 
discussion that more data could be obtained from an improved 
version of the questionnaire. It was agreed that this improved 
version should be prepared and forwarded to participants to 
complete and return to IIASA. Participants were also asked to 
provide the names and addresses of other experts who would be 
interested in cooperating with the IIASA study and who would 
also be able to complete a questionnaire in respect of their 
knowledge of a particular technology. 
Although the eleven completed questionnaires do not cover 
the full range of existing technologies or technologies presently 
being developed, a comparison of the replies proved of considerable 
interest and indicates the diversity of this field of study. The 
main questions asked and the replies are shown in Table 2 in 
condensed form. 
The participants present at the September meeting supported 
the motion to continue the review: It was generally.felt, that 
information about the various methods and locations used for the 
development and testing of these new technologies is rather 
scattered and a comprehensive review is needed. 
In conclusion it was agreed that another meeting to further 
discuss this topic should be organized. The Food and Agriculture 
Program will collaborate with the Soviet National Member 
Organization to discuss the possibility of planning such a meeting 
for 1981, following a suggestion by Soviet delegates to the meeting 
that it might be held in Tbilisi. 
T a b l e  1 .  L i s t  o f  t e c h n o l o g i e s  f o r  which t h e  q u e s t i o n n a i r e s  
were comple t ed  
The p r o d u c t i o n  o f  submerged c u l t u r e  f rom a g r i c u l t u r a l  and  
f o o d  p r o c e s s i n g  wastes 
The f e r m e n t a t i o n  o f  food  by -p roduc t s  f o r  example ,  o i l s e e d  
p r e s s  c a k e  and o t h e r  f o o d  p r o c e s s i n g  b y - p r o d u c t s  
N u t r i t i o n a l  ( p r o t e i n )  improvement o f  h i g h  s t a r c h  s u b s t r a t e s  
Mic robes  f o r  f o o d  and f e e d  u s i n g  : 
a )  c e l l u l o s e  s u b s t r a t e s ,  and 
b )  e d i b l e  s u b s t r a t e s  
The u s e  o f  l i g n o - c e l l u l o s i c  w a s t e s  f o r  t h e  p r o d u c t i o n  o f  
mushrooms 
The a e r o b i c  t r e a t m e n t  o f  waste w a t e r  f rom l i v e s t o c k  
p r o d u c t i o n  u n i t s  and  t h e  p r o d u c t i o n  o f  m i c r o b i a l  b iomasses  
The r e c o v e r y  o f  w a s t e  streams o f  t h e  f o o d  c h a i n s  
Green c r o p  f r a c t i o n a t i o n  
The r e c o v e r y  o f  p r o t e i n  f o r  a n i m a l  f e e d  o r  f e r t i l i z e r  by 
phys ico -chemica l  means 
Farm and  community scale e t h a n o l  ( a l c o h o l )  p r o d u c t i o n  
s y s t e m  
The u t i l i z a t i o n  o f  c r o p  r e s i d u e s  as a  f u e l  s o u r c e  i n  
e l e c t r i c i t y  g e n e r a t i o n ,  Iowa. 
The September Task Force Meeting se rved  a s  a  s t a r t i n g  p o i n t  
f o r  more e x t e n s i v e  c o n t a c t s  between t h e  Food and A g r i c u l t u r e  
Program and o t h e r  n a t i o n a l  i n s t i t u t i o n s  involved i n  t h i s  f i e l d  
of r e sea rch  w i t h  a  view t o  e s t a b l i s h i n g  a  c o l l a b o r a t i v e  network 
f o r  t h e  review of  new t echno log ie s  a s  mentioned e a r l i e r .  
Table 2 Main questions asked and replies to the questionnaire 
circulated at the Task Force Meeting (condensed form) 
Staqe of Development of  the  Technology 
I s  che process i n  ac tua l  production? 
a )  one o r  two u n i t s  of production Yes 
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s tud ie s  on a laboratory  s c a l e  Suggest 
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Coula the  technology be operated 
a)  a s  a small s ca l e  ope ra t iona l  u n i t ?  no Yes Yes Ye' 
b) on an in termedia te  sca l e?  Yes Yes Yes 
i) zs i c  necessary t o  apply the  
technology in  l a rge  s c a l e  un i t s?  no M no Yes 
di i s  the  technology f l e x i b l e  i n  sca l e?  es yes Yes 
the  fu tu re?  
Docs the  poss ible  technology s t i l l  
require  t o  be t e s t e d  i n  p rac t i ce?  
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s ca l e?  
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sca l e  
Inputs 
Types of raw ma te r i a l s  
a )  wastes 
b )  by-products 
C )  raw mater ia ls  f o r  o t h e r  processes  
Are chere o the r  uses f o r  t h e  wastes7 
Are the  raw mater ia ls  ava i l ab le  in 
l a rge  quan t i t i e s?  
a )  on a global l e v e l  
D) on a regional  l e v e l  
W i l l  the  raw ma te r i a l s  always be 
produced a )  continuously? 
b )  i n  seasonal q u a n t i t i e s ?  
Does enough raw ma te r i a l  occur 
a )  on 1 point  t o  opera te  the  process? 
b )  i s  it d i s t r i b u t e d  over a l a r q e  area?  
Yes Yes Yes YES Yes 
in somecases 
Yes Yes Ye= Yes - yes  
in somecases 
What i s  the average durat ion of the 14 days/lOOt 2-3 days 3-7 30 days 2-3 days 
production cycle?  days 
I 
outpucs 
Does t h e  process produce 
a )  only t h e  main-product? I Yes Yes no yes yes  
b )  a l s o  by-products? i n  the fu tu re  Yes 
-- - 
B"ezTtZdrnY 
C o ~ l d  t h e  end producTbe used a F f & d  
f o r  human consumption 
a )  within the  next 20 years?  yes  yes yes yes yea 
b) a f t e r  more than 20 years?  Yes Ye. Yes Yes Yes 
Table 2.(cont.) 
Y.. 
m 
no 
no Y.0 Y.0 Y.0 poss ib ly  Yes 
no r.8 yss  m M m yes 
A1 ready min. of 5-10 p a r s  
Applied 5 years 
M i a t e l y  1-5 years '  10  years '  
no Y.. M yes  no M re. 
Y.. no re. not  a t  p r e s e n t  t0 SOT= exten m Yes 
sewa e purrf .  erefuc t s  c t ron  of 
P a  3 +P c e l l  Ye. 0~tY:f $OUs @;l:!iad "' ye. E e r n  prod. 
-- 
Yes 
re. 
no 
re. ye. M Y.. m Yes 
110 no no M PS yes  
YO. M yes no yes yes  
~&ifacb&~diti'  - - .  Biogas prod. Sometizm2s 
yes  ye. re. Y". 
Probably 
- yes  Yes Ye. 
Yes Y.. ys. yes  
y e a r l y  continuous 6 m t h s  h Ult 12-24 hours 3 days 6 months 
THE PRODUCTION OF FUNGAL PROTEIN 
FROM AGRICULTURAL AND FOOD 
PROCESSING WASTES 
J. T. Worgan 
INTRODUCTION 
The technology for the production of the biomass of 
micro-organisms has been established for more than 50 years. 
Although the main application of the process has been to the 
production of Saccharomyces cerevisiae (Baker's ~eastj, 
produced for its baking properties, this yeast does contain 
50% protein and is an example of the microbiological production 
of protein by an industrial process. The same process has been 
applied more recently to the production of Candida utilis 
(Food Yeast). The principle of the method is that millions of 
yeast cells are dispersed in a liquid growth medium. Each cell 
acts as an individual growing unit which is supplied directly 
with all the nutrients it requires and is suspended in an 
environment where the conditions are controlled at the optimum 
needed for growth. As a consequence of these favourable condi- 
tions the whole of the biomass increases at a rapid rate and 
from a test tube culture of yeast a mass of 100 tons is pro- 
duced in 14 days. 9 
One of the main factors in determining the feasibility of 
producing large quantities of yeast protein is the cost and 
availability of the main raw materials which the yeasts are 
able to use for growth. These raw materials are known as 
substrates. Both Baker's and Food Yeast require substrates 
consisting of relatively simple compounds and are unable, for 
example, to digest starch, cellulose and many of the other 
compounds which occur in most of the waste products produced 
from agriculture and the subsequent processing of biological 
materials. It is for this reason that there has been recent 
interest in the development of fungal processes since there 
are many species of fungi which have a wide range of enzymes 
and are capable of digesting and utilising for growth the 
complex mixture of compounds which occur in most waste products. 
The Fungal Process 
Unlike the almost spherical cells of yeasts, the growing 
units of the filamentous fungi consist of individual strands 
known as hyphae which tend to intertwine forming the fungal 
biomass known as mycelium. However, provided that these hyphae 
strands are thoroughly dispersed in the growth medium fungal 
biomass can be produced by the same process as that used for 
yeast production. From laboratory and pilot plant studies and 
from processes for the fungal production of antibiotics suffi- 
cient data has been accumulated to predict that fungal mycelium 
can be grown on a large scale as rapidly as yeast and will 
produce the same yield of protein from the raw materials 
supplied. Confirmation of this prediction has recently been 
obtained from the Pekilo process6 for the production of fungal 
protein from a paper industry waste, which is now in operation 
in Finland and will be referred to in more detail later in 
this paper. 
By analogy with the process for producing yeast the batch 
process for the production of fungal protein is initiated by 
a laboratory culture. After incubation for 24 - 48 hours, this 
culture is used to inoculate approximately twenty times its 
volume of growth medium which is also incubated. This procedure 
is repeated through several stages of increasing size until a 
sufficient volume of culture is produced to inoculate the final 
growth vessel of 45,000 - 225,000 litres capacity. In this 
final stage the culture is vigorously aerated for 24 - 48 hours 
and the temperature and pH value are controlled. For most of 
the fungal species studied the growth conditions are similar 
to those for yeast, namely, a temperature range of 25 - 30% 
and a pH range between 4.5 and 5.5. After 24 - 48 hours in 
the final growth stage it is advisable to pasteurise the 
mycelium by heating for 10 minutes at 80°c. The inycelium is 
then filtered off, washed and dried. The yield based on the 
weight of substrate supplied is approximately 50% and the 
mycelium may contain 45 - 55% protein. 10 
Both yeasts and fungi can be grown in a continuous cul- 
ture system. The nutrient solution is .'introduced into the 
culture vessel at a constant flow rate and growth medium 
withdrawn at the same rate of flow to maintain a constant 
volume. This method has the advantage that it eliminates the 
stages of building up the inoculum and the output of product 
is greater from the same size of vessel. In order to maintain 
the system in equilibrium more rigorous control of the growth 
conditions and more elaborate ~recautions against infection 
are necessary than those required for the batch process. It 
may also be necessary to standardise the composition of the 
growth medium and where waste products are used as the substrate 
this can be a problem. Waste liquor from the paper making 
process used in Finland does have a sufficiently constant 
composition for the Pekilo process to be operated continuously. 
Surface Culture 
In addition to production in a liquid medium by a similar 
process to that used for yeasts fungal mycelium can also be 
grown on solid substrates. A substrate such as cereal straw 
for example is moistened with a solution containing additional 
nutrients such as ammonium salts to provide the nitrogen for 
protein synthesis. The moistened substrate is sterilised and 
loosely packed into trays. After inoculation with the fungal 
culture the trays are incubated in a temperature controlled 
environment protected from infecting micro-organisms. Air is 
circulated through the substrate to provide a supply of oxygen. 
The growth conditions are much less favourable and the 
incubation periods quoted in the literature are much greater 
than those required for liquid culture. Because of the slower 
rate of growth and the difficulty of supplying sufficient 
nitrogen compounds as nutrients in the small volume of liquid 
the protein content of the product is only about half that of 
mycelium produced in liquid culture.l3 On a large scale the 
handling of large quantities of inoculated substrate is also 
a problem and the process is more labour intensive. However, 
it does have the advantage that it requires simpler equipment 
and could be operated with a less skilled labour force than 
the liquid culture process. It would probably be more appro- 
priately applied to small scale production units established 
near the site of the raw material supply. Although the method 
has been frequently suggested in the literature and laboratory 
studies have been reported it does appear that a satisfactory 
process has not been developed to date. It is probable, 
however, that the method could be in operation within the next 
ten to fifteen years. 
Raw Material Requirements 
The chemical elements and their relative quantities are 
similar for the growth of all micro-organisms including the 
fungi (Table 1). By far the greatest requirement is for carbon 
in the form of organic compounds which are needed to supply 
the biological energy for synthesis and to provide the chemical 
units for conversion into the components of the microbial 
biomass. For cell mass with a high protein content nitrogen 
is required in about one-tenth the amount of the carbon 
supplied and for all fungal species investigated can be 
provided from readily available sources of nitrogen such as 
ammonium salts or urea. The remaining chemical elements are 
needed in much smaller quantities and are nearly always present 
in wastes from plant or animal sources, although some 
Table 1. Chemical elements required for the 
synthesis of microbial biomass 
-- - 
Chemical Element Quantity 
Ca, Zn, Fe, Mn < 0.03 
Reference 12 
supplementation may be needed to provide the optimum amounts 
for maximum growth. 
The provision of adequate quantities of the carbon source 
is therefore the main factor in determining whether fungal 
mycelium could make a significant contribution to food or 
animal feed supplies in the future. Large quantities of 
materials which contain carbon compounds are discarded from 
agricultural production or from subsequent food processing. 
Some examples of the annual production of these wastes are 
given in Table 2. A considerable proportion consist of ligno 
cellulosic material which is resistant to microbial digestion. 
Wood waste, cereal straws and sugar cane bagasse are examples. 
Some of the fungi particularly wood rotting species are 
capable of digesting ligno cellulose and in laboratory trials 
have been grown in liquid culture in a suspension of these 
types of materials. However, the rate of growth and yield of 
product reported to date are not sufficient to justify the 
development of a practical process. Further research may 
improve the method. Chemical or mechanical treatments of 
fibrous substrates can make them more susceptible to fungal 
digestion (Table 3). The most extensive chemical treatment 
consists of an acid hydrolysis of the carbohydrate polymers 
of the fibrous wastes to sugars. Less extensive treatments 
are however sufficient to enable some substrates to be used 
for the fungal process. Fibrous ligno cellulosic wastes do 
vary in their resistance to microbial digestion. Cereal husks 
and the residual heads of sunflower after removal of the seed 
are examples which are more susceptible to fungal digestion 
than wood. Sunflower heads have been converted by fungal growth 
from an unsuitable product for non-ruminant feed containing 
4.5% protein and 24% fibre t a protein concentrate containing Y3 34% protein and 11.7% fibre. Total world production of 
sunflower seed is estimated at 12.3 x lo6 tons and this will 
result in approximately twice the quantity of waste sunflower 
heads. 
Solid non-fibrous waste materials which do not contain 
appreciable amounts of ligno cellulose are much more readily 
digested by fungi. The residual citrus pulp remaining after 
juice extraction and the bananas discarded from the harvested 
crop are two examples of wastes which in laboratory trials have 
been tested for fungal protein production.13 Approximately 20% 
of the banana crop is estimated to be discarded. 
From food processing and the production of other biologi- 
cal products such as starch and cellulose pulp large volumes of 
liquid wastes are produced. Due to the high concentration of 
dissolved or finely suspended organic matter in these wastes 
they have a high pollution strength as measured by the 
Biological Oxygen Demand (BOD) or the Chemical Oxygen Demand 
(COD) the removal of which is becoming essential in many 
countries due to more stringent environmental regulations. 
The "Activated Sludge" process is the established method of 
reducing the BOD of liquid wastes and yields a product which 
Table 2. Annual production of some agricultural 
and processing wastes 
Source 
Annual World Output 
(x 10-3, tons) 
Agricultural Processing 
by-products by-products 
Wheat straw 286 580 
Wheat bran 57 320 
Maize stover 
Maize cobs 
Barley straw 
Sugar cane bagasse 
Molasses 
Sulphite liquor 
Whey 
Annual USA Output 
(million gallons) 
-- - - -- - 
Reference 8 
Table 3. Summary of the action of chemical reagents on ligno- 
cellulosic wastes. 
Type of treatment Main effects 
Heat with dilute acid at 
temperature below 100 O C  
Steep in alkali solution 
Steep in urea solution 
Oxidation in air: 
In acid conditions 
Sterilizes 
Separates and partially 
hydrolyzes hemicelluloses 
Hydrolyzes some cellulose to 
glucose 
Converts cellulose to hydro- 
cellulose 
Dissolves hemicellulose, 
hydrocellulose and lignin 
Strong solutions disrupt 
crystalline cellulose structure 
Breaks H-bonds disrupting 
cellulose structure 
Degradation of cellulose; 
hydrocellulose more readily 
degraded 
Products soluble in alkali 
In alkali conditions Cellulose, hemicellulose and 
lignine oxidized; hydro- 
cellulose more readily degraded 
than cellulose 
Products soluble in alkali 
Reference 12. 
is unsuitable as livestock feed and has a low commercial 
value. During the fungal process the BOD is almost completely 
removed at the same time as a high quality protein concentrate 
in the form of mycelium is produced. Supplementation of most 
wastes with ammonium compounds is however required to give 
maximum yields of protein. Laboratory and pilot plant studies 
of this dual application of the fungal proc s have been 
applied to olive and palm oil waste liquorsf?, citrus mola:ses, 1 3  
rum and alcohol distillation residues, coffee waste water,' 
effluents from the manufacture of maizeflyheat and potato 
starches1 and deproteinised leaf liquors -'. Some examples are 
given in Table 4. 
SAFETY ASPECTS AND NUTRITIONAL QUALITY OF FUNGAL PRODUCTS 
The mycelium of fungi has been consumed as a food for 
centuries in some parts of the world particularly in S.E. Asia. 
In Japan for example, nearly one million tons of Miso produced 
by the growth of Aspergillus Oryzae on rice are consumed each 
year. Tempeh is also a popular fungal food product in 
S.E. Asia. The safety and acceptability of some fungal products 
are therefore well established. Nevertheless, an extensive 
programme of testing is necessary to establish the safety of 
any-new product.   he mycelium of Fusarium semitectum has been 
fed as the sole source of protein over a 2 year period to 3 
successive generations of rats without any adverse symptoms 
and feedtag trials with pigs and poultry have shown no ill 
effects. Feeding trials which have not shown any evidence of 
toxic effects have also been made with the mycelium of several 
other fungal species. The product from the Pekilo process has 
been extensively tested and is accepted in Finland as a safe 
feed for livestock.6 At the British Association meeting in 
September of this year (1980) a U.K. company announced that 
their product, termed Mycoprotein, produced by fungal growth 
on waste starch had undergone sufficient testing to meet the 
requirements of the UK Food Regulations and the product is to 
be test marketed as a food for human consumption. 
Chemical analysis and nutritional feeding tests with 
several fungal species have shown that the proteins contain 
all the essential amino acids required in the diet of human 
beings or farm livestock and the nutritional val e of the 
proteins is at least equivalent to that of soya.q It is 
probable that fungal mycelium is also a significant source 
of vitamins although only a few analyses are reported in the 
literature. The Pekilo product contains quantities of thiamine 
riboflavin, niacin and biotin comparable to those in Food 
Yeast which is considered to be a good source of these 
vitamins. 6 
Table  4 .  Fungal p r o t e i n  p roduc t ion  and s imul taneous  r e d u c t i o n  
of t h e  chemical  oxygen demand of e f f l u e n t s .  
E f f l u e n t  Cod r e d u c t i o n  P r o t e i n  y i e l d s  
Lucerne d e p r o t e i n i z e d  
j u i c e  
Palm was te  
Soya whey 
RESOURCE REQUIREMENTS AND ECONOMICS O F  FUNGAL PROCESSES 
Whatever t h e  b e n e f i t s  t o  t h e  environment and t o  t h e  food 
supply of  t h e  adopt ion  of a  p rocess  f o r  t h e  funga l  convers ion 
of  wastes  t o  p r o t e i n  f eeds  it is  s t i l l  impor tan t  t o  make an 
assessment  of t h e  r e sou rces  r e q u i r e d  t o  o p e r a t e  t h e  p roces s .  
Monetary c o s t  i n  r e l a t i o n  t o  t h e  commercial va lue  of t h e  
product  i s  t h e  main method i n  Western economies o f  making such 
an assessment .  However w i thou t  d e t a i l e d  d a t a  from p roces ses  
i n  ope ra t ion  it i s  d i f f i c u l t  t o  make an a c c u r a t e  assessment  
of c o s t .  An i n d i c a t i o n  of  t h e  c o s t  o f  t h e  P e k i l o  p roces s  can 
be e s t ima ted  from d a t a  p re sen ted  by ~ o m a n t s c h u k . ~  The 
investment  c o s t  of  a  l a n t  producing 10,000 t o n s  of p r o t e i n  9 pe r  y e a r  from a  100 m /hour e f f l u e n t  con ta in ing  carbohydra te  
is  given a s  8  m i l l i o n  U S  D o l l a r s  a t  1975 p r i c e s .  The p r o t e i n  
c o n t e n t  of t h e  produc t  i s  55 - 60% on a  d r y  weight b a s i s .  
Assuming a  pe r iod  of  10 y e a r s  f o r  t h e  l i f e  of t h e  p l a n t  and 
a  p r o t e i n  con ten t  o f  57.5% t h e  investment  c o s t s  a r e  t h e r e f o r e  
80 D o l l a r s  pe r  t on  of  p r o t e i n  o r  46 D o l l a r s  p e r  t o n  of p roduc t .  
Soya meal is  t h e  commodity wi th  which t h e  commercial va lue  can 
be compared. I n  1975 t h e  approximate va lue  of soya meal 
con ta in ing  40% p r o t e i n  was 180 D o l l a r s  p e r  t o n .  The v a l u e  of 
t h e  p r o t e i n  was t h e r e f o r e  450 D o l l a r s  p e r  t on .  There i s ,  
t h e r e f o r e ,  a  margin o f  370 D o l l a r s  t o  a l low f o r  t h e  c o s t s  of  
producing and market ing one t o n  of  rnycelial  p r o t e i n .  The 
Pek i lo  p roces s  a l s o  has  t h e  economic advantage t h a t  t h e  BOD of  
t h e  s u l p h i t e  waste  l i q u o r  which is  used a s  t h e  s u b s t r a t e  w i l l  
be s u b s t a n t i a l l y  reduced du r ing  produc t ion  of t h e  mycelium. 
The c o s t  of reduc ing  t h e  BOD by a l t e r n a t i v e  methods can 
t h e r e f o r e  be o f f s e t  a g a i n s t  t h e  P e k i l o  process  c o s t s .  The 
process  w i l l  be l e s s  l abour  i n t e n s i v e  t han  a g r i c u l t u r e  and a s  
es t imated  below, w i l l  have an energy i n p u t  of  a  s i m i l a r  o r d e r  
of  magnitude t o  t h e  a g r i c u l t u r a l  p roduc t ion  of  p r o t e i n .  I f  a l l  
of t h e s e  f a c t o r s  a r e  t aken  i n t o  account it i s  f e a s i b l e  t h a t  
funga l  p r o t e i n  could  be produced a t  a  c o s t  which would be 
compet i t ive  w i th  t h a t  of soya meal. 
For p roces ses  which could  o p e r a t e  w i th  waste  p roduc t s  
which occur  i n  s u b s t a n t i a l  amounts a t  one s i t e  and t h e r e f o r e  
do n o t  involve  c o l l e c t i o n  and t r a n s p o r t  c o s t s ,  t h e  economic 
advantage of us ing  was tes  a s  s u b s t r a t e s  can be a s s e s s e d  from 
a  comparison wi th  t h e  I C I  process  f o r  t h e  produc t ion  of 
b a c t e r i a l  p r o t e i n  from methanol. This  p roces s  i s  now i n  
commercial o p e r a t i o n  i n  t h e  UK and w i l l  have s i m i l a r  c a p i t a l  
and o p e r a t i n g  c o s t s  t o  t h o s e  of t h e  funga l  p rocess .  I n  an 
e s t i m a t e  made of t h e  o p e r a t i n g  c o s t s  of t h e  b a c t e r i a l  p roces s  
t h e  c o s t  of t h e  methanol s u b s t r a t e  i s  given a s  4 1 %  of  t h e  
t o t a l  p roces s  c o s t s .  2 
ENERGY CONSUMPTION OF FUNGAL PROCESSES 
The energy input to processes has become an important 
assessment to make since both energy supply difficulties and 
price increases are liable to occur in the future. From data 
given by Romantschuk 6anestimate of the energy requirements of 
the Pekilo process is given in Table 5. The E values referred 
to in the Table give an indication of the relative energy 
inputs involved in different systems of production. The E 
value of 2 for the production of fungal mycelium compares with 
that of 0.5 for the average value for the production of cereal 
crops in England and Wales during 1970-71. Due to the lower 
protein content of cereals the comparison is more favourable 
when protein production is taken as the criterion. The 
differences between the values given in Table 6 for the energy 
inputs to processes for producing yeast, fungal, cereal or 
soya proteins are not considered to be significant. An 
important conclusion, however, which can be drawn is that the 
production of fungal protein is not liable to be more energy 
intensive than methods which are currently in use for the 
agricultural production of protein. 
SUMMARY AND CONCLUSIONS 
The technology is available for establishing processes 
for the production of fungal mycelial products containing 
40 - 60% protein of a nutritional quality at least equivalent 
to that of soya. Several products have been shown to be safe 
to use as livestock feed and one product has undergone 
sufficient tests to be accepted for use as a food for human 
consumption. 
Large quantities of waste materials occur from agriculture, 
forestry and the processing of biological materials. Further 
research is required to develop the technology for using the 
more fibrous of these waste products. However, considerable 
quantities of wastes occur which are suitable to use in 
processes for fungal protein production. 
An economic assessment of the fungal process suggests 
that the product could be competitve with soybean meal. The 
energy input for the production of fungal protein is estimated 
to be of the same order of magnitude as that for the production 
of feed grain proteins and this indicates that future increases 
in the price of energy should not increase the relative price 
of the fungal product. The production of fungal protein from 
effluents which cause pollution problems has the advantage that 
the effluent is purified during the process. The saving in 
the cost of effluent treatment can therefore be offset against 
the cost of the fungal process. It is this application which 
is the most likely to be applied extensively in the next 10 
to 15 years and a production unit which applies this principle 
is currently being operated in Finland. 
Tab l e  5. Energy r equ i r emen t s  of  t h e  P e k i l o  p r o c e s s  f o r  t h e  
p r oduc t i on  o f  f u n g a l  p r o t e i n  
I n p u t  p e r  t o q  Energy i n p u t  e q u i v a l e n t s  
o f  p roduc t -  
MJ/ton MJ/kq 
E l e c t r i c i t y  1300 - 1600 kwh ' 
assume 1450 kwh 5220 
s t e am  5.5 Gcal  23028 
Cooling w a t e r  600 m3 (Energy 
f a c t o r  9.1 MJ/m3)  * 5460 
T o t a l  33708 - 33.7 
Energy v a l u e  o f  p roduc t  
P r o t e i n  57.5% 575 x 17 - 
1000 
Remainder o f  
p r oduc t  
c a l c u l a t e d  a s  42.5% 42.5 x 16 - - 
ca r bohyd r a t e  1000 
T o t a l  
Energy i n p u t  
I n p u t  p e r  kg. o f  
mycelium c o n t a i n i n g  
57.5% p r o t e i n  33.7 M J  
!. i n p u t  t o  produce 33.7 
1 kg p r o t e i n  - x 100 - 
57.5 
Average energy  i n p u t  f o r  c e r e a l  
c r o p s  UK 1970 ** - 
E v a l u e  
E v a l u e  = Energy i n p u t  - 33.7 = 2 
-
Energy v a l u e  o f  p roduc t  16.6 
E va l ue  f o r  c e r e a l  c r o p s  UK 1970** = 0.5 
* Reference 4 ** Reference 3 
Table 6 .  Energy i n p u t s  f o r  t h e  product ion o f  p r o t e i n  
Process  f o r  p r o t e i n  product ion Energy Input  
MJ/kg p r o t e i n  
Yeast from carbohydra tes  * 60  
Fungal from carbohydra tes  * *  59 
Cerea l  g r a i n s  * *  6 4  
Soya * 7 9 
* Reference 12 .  * *  See Table 5 .  
~ l t h o u g h  it i s  f e a s i b l e  t h a t  q u a n t i t i e s  of  funga l  mycelium 
may be produced i n  t h e  immediate f u t u r e  which w i l l  be marketed 
f o r  human consumption t h e  most e x t e n s i v e  a p p l i c a t i o n  of t h e  
process  w i l l  probably be f o r  t h e  product ion of p r o t e i n  concen t r a t e s  
f o r  use  a s  l i v e s t o c k  feed.  
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NEW ASPECTS OF MICROBIAL PROTEIN PRODUCTION 
USING VEGETABLE FJASTES FROM THE FOOD INDUSTRY 
Givi Mikeladze 
At present the world is faced with an acute problem: that 
of supplying its population with adequate nourishing food products, 
especially those containing protein. 
Under the existing conditions of "demographic explosion" 
and inadequate energy resources, factors which cause a prolongation 
of the present protein deficiency situation, traditional methods 
of obtaining feed or food proteins are no longer effective. . 
It has therefore become necessary to improve these traditional 
methods and also to look for new ways of obtaining protein. There 
are many contradictory opinions on the rational use of the various 
protein-containing raw materials. 
One of the most promising ways of eliminating protein 
deficiency is microbial protein production: microorganisms have 
a short development cycle and they surpass animals and plants 
a thousandfold in productivity. Moreover, microorganisms consume 
a variety of substrates during their lifespan. 
Nowadays, yeast protein production from the wastes of the 
oil-processing industry is also possible. But oil and gas 
resources are limited and therefore research into new prospective 
substrates is being undertaken in order to find new sources of 
microbial protein. Scientists from many countries are of the 
opinion that the most promising raw materials for this purpose 
are hydrocarbons, mainly starch and cellulose which are constantly 
supplied by photosynthesis. The wastes from various industries 
for the recycling of vegetable raw materials, may provide new 
carbohydrate sources. 
Various microorganisms such as microscopic fungi, yeasts and 
bacteria are used in microbial protein production. Each of the 
suitable microorqanisms has its peculiarities as far as the 
s p e c i f i c a t i o n s  o f  t h e  raw m a t e r i a l  r e q u i r e d ,  t h e  e f f e c t i v e n e s s  
o f  p r o t e i n  s y n t h e s i s ,  t h e  accumulat ion o f  harmful  compounds and 
t h e  energy i n p u t  r e q u i r e d  f o r  i n d u s t r i a l  p r o t e i n  p roduc t i on  a r e  
concerned.  The same a p p l i e s  t o  t h e  t e c h n o l o g i c a l  a l t e r n a t i v e s  
and cho i ce  o f  equipment f o r  u se  i n  m i c r o b i a l  p r o t e i n  p roduc t i on .  
The c h o i c e  o f  n o n t r a d i t i o n a l  raw m a t e r i a l s  depends upon a  
number o f  f a c t o r s  i n c l u d i n g  t h e  s c i e n t i f i c  and t e c h n i c a l  l e v e l  
o f  development, t h e  t e c h n i c a l  p o t e n t i a l  o f  t h e  coun t ry  concerned,  
energy and raw m a t e r i a l  r e s o u r c e s ,  how w e l l  t h e  p o p u l a t i o n ' s  food 
needs a r e  m e t ,  i t s  n a t i o n a l  t r a d i t i o n s ,  etc.  
I n  o r d e r  t o  select t h e  most e f f i c i e n t  methods o f  p r o t e i n  
p roduc t i on  by n o n t r a d i t i o n a l  means i n  each coun t ry  o r  r e g i o n ,  
w e  must b u i l d  d e t a i l e d  op t ima l  models which t a k e  i n t o  c o n s i d e r a t i o n  
a l l  t h e  above mentioned f a c t o r s .  Such an approach r e q u i r e s  s e r i o u s  
c o n s i d e r a t i o n  o f  how b e s t  t o  app ly  modern technology i n  view of  
t h e  problem. 
This  a r t i c l e  d e a l s  w i t h  a  methodica l  approach and an  o p t i m a l  
d e c i s i o n  p o l i c y  f o r  o b t a i n i n g  m i c r o b i a l  p r o t e i n  f o r  food and f e e d  
from t h e  was t e s  of  t h e  food i n d u s t r y  ( u s i n g  a g r i c u l t u r a l  and 
v e g e t a b l e  raw m a t e r i a l s ) .  The aim of  t h i s  a r t i c l e  i s  t o  a i d  IIASA 
i n  t h e  s o l u t i o n  o f  t h e  problems r a i s e d  a t  t h e  Task Force  Meeting 
s o  t h a t  n a t i o n a l  and r e g i o n a l  models f o r  p r o t e i n  p roduc t i on  from 
nonconvent ional  s o u r c e s  can be e s t a b l i s h e d .  
The Wastes and By-Products o f  t h e  Food P roces s ing  I n d u s t r y  
Wastes and by-products  o f  t h e  food p r o c e s s i n g  i n d u s t r y  a r e  
impor tan t  a s  b io - r e sou rce s  f o r  food and f e e d  p roduc t i on  e s p e c i a l l y  
when used a s  s u b s t r a t e s  f o r  m i c r o b i o l o g i c a l  s y n t h e s i s .  One 
advantage is  t h e i r  comparat ive  s t a b i l i t y  wi th  r e s p e c t  t o  t h e i r  
chemical  compos i t ion ,  q u a n t i t y ,  t o  s ea son ,  t h e i r  accumula t ion ,  
t h e  f a c t  t h a t  t h e y  a r e  n o t  harmful  t o  food,  and o t h e r  f a c t o r s ,  
which a l low us  t o  c o n s i d e r  them a s  a  l a s t i n g  s o u r c e  o f  raw 
m a t e r i a l s  f o r  i n d u s t r i a l  p r o t e i n  p roduc t ion .  
A l l  s o r t s  o f  v e g e t a b l e  raw m a t e r i a l s  shou ld  be t aken  i n t o  
c o n s i d e r a t i o n  when e s t a b l i s h i n g  o p t i m a l  models f o r  m i c r o b i a l  
p r o t e i n  p roduc t i on  from v e g e t a b l e  was t e s  and by-products  o f  t h e  
food i n d u s t r y .  Each group should  be d i v i d e d  acco rd ing  t o  purpose  
i n t o  sub-groups acco rd ing  t o  t h e  n a t u r e  o f  t h e  was te .  Such an 
approach e n a b l e s  u s  t o  d i s c u s s  p o s s i b l e  o p t i m a l  t e c h n o l o g i e s  
f o r  t h e  winning o f  m i c r o b i a l  p r o t e i n .  I n  F igu re  1 ,  was te s  from 
t h e  p roduc t i on  o f  food from a g r i c u l t u r a l  raw m a t e r i a l s  a r e  s p l i t  
up i n t o  groups .  Th i s  c l a s s i f i c a t i o n  makes it p o s s i b l e  t o  b u i l d  
an  op t ima l  model f o r  t h e i r  a p p l i c a t i o n ,  b u t  more d e t a i l  is  
r e q u i r e d .  
The C l a s s i f i c a t i o n  and S e l e c t i o n  of  Wastes and By-Products f o r  
P r o t e i n  Produc t ion  
I n  o r d e r  t o  have l a r g e - s c a l e  m i c r o b i a l  p r o t e i n  p roduc t i on ,  
raw m a t e r i a l s  which have a s  many of  t h e  neces sa ry  c r i t e r i a  a s  
possible need to be processed. Wastes and by-products can be 
considered as harmless raw materials if they meet the above- 
mentioned factors. In our opinion it is firstly necessary to 
specify indexes to determine their ultimate usage and weight. 
The main criteria for the selection and classification of wastes 
are: 1 )  the availability of a certain raw material and its 
qualitative stability; 2) the chemical and physico-mechanical 
properties of the wastes; and 3) the economic and environmental 
aspects of waste and by-product usage. These factors are related 
to the ecology, technology, technical potential, technical level, 
energy requirements, etc. 
The decisive factors to be considered in the ultimate usage 
of wastes are closely interrelated with each other as well as 
with some lesser factors. When considering wastes separately, 
it is important not to forget this interrelationship. In the 
classification of wastes, those which meet the above factors 
should be grouped separately and considered as basic. Wastes 
that partially meet requirements are usually known as additional 
raw materials. One should also bear in mind similar raw materials 
which could be substituted for the basic ones. 
The Availability and Stability of Raw Materials 
If we can substitute a given agricultural crop then we should 
decide whether to use the real crop or the substitute in the 
working out of a model. This is equally applicable to the usage 
of raw materials in the case when a waste is estimated according 
to raw material stability for management in production. The 
technology chosen for : application would presumeably not change 
over a period of 10-15 years in a given region. The technology 
used for the sane raw material in different countries varies 
according to national peculiarities, technological level and 
other factors. This is why a differential approach is essential 
when drawing up a national model. These factors are determining 
in the definition of the stability of waste resources with constant 
properties. 
Chemical Composition and Physico-Mechanical Properties 
The chemical composition and physico-mechanical properties 
are important in the consideration of possible waste usage 
directly in feed or microbial protein production, and the selection 
of a technology depends on the data of these properties. 
When speaking about the chemical composition of waste we 
mean the presence of chemical components which are digestible 
and of use to microorganisms, as well as the presence of toxic 
and anti-food components, and the correlation of digestible and 
indigestible substances by animals. This shows the harmlessness 
and effectiveness of the usage of waste for feed and indicates 
their possible usage for microbial protein synthesis. 
The wastes are divided into solid, fibrous, solid non-fibrous 
and liquid according to their physico-mechanical properties. 
Subsequently an appropriate technology is selected and they are 
recycled. 
When dealing with protein-containing wastes, we must first 
of all deal with the question of obtaining protein for food. 
Application as protein feed is second in importance. 
Wastes from food and feed protein production serve mainly as 
raw material for the synthesis of microbial protein. 
Economic and Environmental Aspects 
Economic aspects become important when finally deciding which 
wastes or by-products are to be used as raw materials for protein 
production. Similarly, when we consider these wastes as probable 
food for humans and animals in the ecology system as a whole, 
economic aspects are significant. 
There are two sides to the problem which must be studied: 
on the one hand, we must have a clear picture of the current usage 
of the given waste, i.e. what products are manufactured from it 
and what the profits are. In the case of waste usage, we should 
clarify what role it plays in the overall ecology system, especially 
in connection with effects on the environment. 
On the other hand, we must have access to complete data on 
available technology for microbial protein production in the 
different directions suggested. Technological production with 
minimum waste should be given primary concern in order to reduce 
environmental pollution. Knowledge of microbial protein application 
and the role of the products obtained in human and animal feeding 
is also an asset. 
It therefore seems inappropriate to consider wastes and by- 
products as potential raw materials for the food industry by 
their properties alone (as we intend to use raw materials for 
the synthesis of microbial protein). It becomes more and more 
apparent that these questions are greatly interconnected with the 
environment itself, the general ecology system, energy resources 
and a number of other aspects of human life. 
In addition to the above-mentioned recommendations, the 
selection and classification of wastes and by-products from the 
processing of vegetable raw materials for the production of 
microbial protein can only be considered valid if the raw materials 
and technology used for microbial protein synthesis are properly 
understood. Obviously, all possible methods of obtaining microbial 
protein must be thoroughly studied in order to enable the building 
of a model for its production. 
C r i t e r i a  f o r  t h e  S e l e c t i o n  o f  an Optimal Technology f o r  Microb ia l  
P r o t e i n  Produc t ion  
A l l  ne thods  o f  m i c r o b i a l  p r o t e i n  p roduc t i on  a r e  based on t h e  
c u l t i v a t i o n  o f  c e r t a i n  microorganisms on cor responding  s u b s t r a t e s .  
Dr ied  s u b s t r a t e s  t o g e t h e r  w i th  microorganisms a r e  used i n  
f eed  f o r  animals .  I n  o r d e r  t o  e n r i c h  food p r o d u c t s  and f e e d ,  
p r o t e i n  i s o l a t e s  o b t a i n e d  from biomass a r e  added. Wastes l e f t  
over  from p r o t e i n  i s o l a t e  e x t r a c t i o n  a r e  a p p l i e d  i n  feed .  
Microorganisms such a s  y e a s t ,  h igh  forms o f  f u n g i ,  
mic roscop ic  f u n g i ,  b a c t e r i a  and anae rob i c  b a c t e r i a  a r e  used i n  
m i c r o b i a l  p r o t e i n  p roduc t i on .  Each r e q u i r e s  s p e c i f i c  s u b s t r a t e s  
f o r  i t s  c u l t i v a t i o n ,  and s p e c i a l  growing c o n d i t i o n s ,  f o r  it t o  
a l s o  be a b l e  t o  s y n t h e s i z e  o r g a n i c  compounds and enzymes, some 
o f  which may be harmful  t o  t h e  organism. D i f f e r e n t  methods o f  
c u l t i v a t i o n  f o r  t h e  v a r i o u s  microorganisms (submerged growth) 
a r e  acco rd ing ly  chosen,  such a s  t h e  mixed c u l t i v a t i o n  o f  d i f f e r e n t  
microorganisms (symbomethod) and o t h e r s .  
I n  t h e  s e l e c t i o n  o f  p roduc t i on  t e c h n o l o g i e s  p r e f e r e n c e  h a s  
u s u a l l y  been g iven  t o  methods which do n o t  r e q u i r e  t h e  use  o f  
compl ica ted  equipment and a  l a r g e  energy i n p u t .  I t  is  p o s s i b l e  
t o  b u i l d  an  op t ima l  model f o r  m i c r o b i a l  p r o t e i n  p roduc t i on  from 
t h e  was tes  and by-products  o f  v e g e t a b l e  raw m a t e r i a l s  i f  w e  
apply  t h e  b a s i c  d a t a  which w e  have c o l l e c t e d  on d e c i s i v e  f a c t o r s .  
Up-to-date d a t a  i s  most i n p o r t a n t  when s e l e c t i n g  t h e ' o p t i m a l  
v a r i a n t .  When c o n s i d e r i n g  t h e  advantages  and d i s advan t ages  o f  
t h e  g iven  f a c t o r s ,  m a t t e r s  become compl ica ted  because  each  f a c t o r  
cannot  be cons ide red  independen t ly  o f  o t h e r  f a c t o r s .  
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PARAMETERS DESCRIBING THE NONACRICULTURAL TECHNOLOGIES 
OF ANIMAL FEED PROTEIN SUPPLEMENT PRODUCTION 
V.N. Iakimets* 
The general purpose of Task 2 "Limits and Consequences 
of Food Production Technologies" is to examine the relationships 
between production technologies, resources and the environment 
over a long period. Initial investigations and modeling efforts 
indicated that the best way of developing this task was by means 
of a series of case studies at the national or regional level. 
Animal feed production is one of the main aspects to be 
considered within the framework of Task 2. Animal products are 
an important part of human food. Furthermore, the amount of 
arable land used for the production of animal feeds exceeds 
that used for the production of food for direct human consumption. 
In the United States, for example, about 30 million hectares of 
land are used for the production of food for direct human con- 
sumption (13 million ha. for domestic consumption, 15 million ha 
for export commodities) at the same time that livestock can con- 
sume the feed from about 75 million ha. (65 million inside the 
USA and 10 million ha. for export) (Byerly, 1978). Therefore, 
it would seem important that an analysis of the limits and 
consequences of technological innovations in the animal feed 
production should be considered within the framework of Task 2. 
Publications written in connection with the construction 
of a Task 2 model are for the most part devoted to descriptions 
of conventional agricultural technologies for animal feed 
production. However, nonagricultural technologies have recently 
become an important element of this production since they provide 
the high-protein and vitamin supplements required by animals. 
The simulation of the effects of the development of these tech- 
nologies with the solution of the general problem of human food 
productionought to be pqssible. 
* 
4 xore extensive version of this paper is also available within 
the Food and Agriculture Program. 
The structure and lists of parameters for the description 
of these technologies in the Task 2 model are suggested in this 
paper. 
First of all let us consider a general description of 
animal feed production. There are three main branches of 
animal feed production at the regional level: 
1. field feed production 
2. pastures and meadows 
3. industrial feed production 
The general structure of these branches and their products 
is shown in Figure 1. In accordance with this structure animal 
feed production can be divided into two main types: 
1. Agricultural technologies 
2. Nonagricultural technologies 
Field feed production and pastures and meadows are connected 
with the use of traditional agricultural technologies. Industrial 
feed production includes nonagricultural technologies for the 
production of different kinds of animal feed supplements, and 
industrial technologies for mixed feed production. 
Field feed production now provides approximately 75% of 
animal feed such as concentrates, succulent feed, roughage, etc. 
Pastures and meadows provide approximately 25% of animal feed, 
such as green grass, hay, etc. 
The stiucture of feed consumption in the Soviet Union is 
shown in Table 1. An analysis of this data shows that the 
basic amount of animal feed is provided by field feed production 
as well as by pastures and meadows. However, the efficiency of 
the utilization of these feeds depends to a significant extent 
on the protein availability. The fact is that many agricultural 
plants have a low content of digestible protein and an unbalanced 
content of essential amino acids in this protein. The utilization 
of feeds with an unbalanced content of essential amino acids leads 
to an overexpenditure on feed, to the decrease of animal prod- 
uctivity and finally to the low production of livestock commodities 
for human nutrition. According to Polovenko, 1980, 75%-80% of 
protein availability in feed, and the insufficient level of 
feeding led to a decrease in livestock commodity production (1.8-2 
million tons per annum recount in meat.) The efficiency of feed 
utilization can be improved if the industrial methods used in the 
production of protein supplements are further developed. Non- 
agricultural technologies can have the following positive conse- 
quences on feed production, namely: 
-- a decrease in the amount of land required for forage 
production; 
-- more effective utilization of conventional animal feed 
due to increased possibilities of balancinq animal rations; 
-- improved recycling of agricultural wastes and by-products 
and the more efficient utilization of nonagricultural 
wastes; 
-- improved utilization of non-renewable resources; 
-- the fact that feed production is not dependant on seasonal 
and climatic conditions. 
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Some nonagricultural technologies for the production of 
animal feed protein exist which are industrially developed. 
According to Milner et al, 1978, these are classified under the 
following four groups: 
1. photosynthetic single-cell protein production (algae); 
2. nonphotosynthetic single-cell protein production 
(yeasts, fungi, bacteria) . 
3. leaf protein production. 
4. the chemical synthesis of nutrients such as proteins, 
amino acids, etc. 
A detailed description of these technologies is beyond the 
scope of this paper and will not be attempted. Information can 
be found in a number of books, for example, Milner et al. 1978; 
Pirie, 1971; Pirie, 1975; Kotovo et al, 1979; Altschul, Wilcke, 
1978; Tannenbaum and Wang, 1975. Variants of the technological 
cycle, raw materials and the nutritional value of the end prod- 
uct, the economic and toxicological aspects, status of develop- 
ment of the technology, and many other factors are analyzed in 
the above mentioned publications. 
The general purpose of research efforts connected with the 
modeling of animal feed production in the region under study is 
to determine the preferred paths of technological change, while 
at the same time considering the environmental aspects, regional 
demands and conditions, the availability of different resources 
and raw materials, etc. This analysis must be conducted bearing 
in mind that dynamic changes in all these factors over a chosen 
time horizon might occur. 
One important problem relating to the Task 2 model design 
is the determination and classification of parameters related to 
the nonagricultural technologies of animal feed production which 
would allow the implementation of adequate simulation of this 
kind of production in the region under study over the given time 
horizon. 
Three key factors (characteristics) have to be taken into 
account in the description and evaluation of industrial technol- 
ogies for regional animal feed production: 
1. The general direction of Task 2 - an analysis of the 
limits and consequences of technological change with 
regard to the environment and resources. 
2. The characteristics of the region under study and 
animal feed production in the region. 
3. The goals of regional development in general, and the 
aims of the regional development of animal feed 
production. 
The first mentioned factor is the main one. It determines 
the structure of proper technological parameters and requires 
the introduction of all factors which allow one to take into 
account the dynamic interdependencies among the most important 
components of Task 2, namely: technology - resources - and the 
environment. However, it will be impossible to implement an 
efficient applied systems analysis of all the limits and 
consequences of technological change without taking into account 
regional conditions and the goals of regional development. 
Therefore the second and third mentioned factors are important 
additional conditions which have to be considered when deter- 
mining the structure of the model parameters. 
Taking into account all the above mentioned factors, the 
following four groups of parameters can be determined: 
1. technological parameters; 
2. the characteristics of regional conditions; 
3. parameters of existing regional animal feed production; 
4. parameters of the development of the region. 
Each of these groups of parameters reflects the economic, 
resource, environmental and physical aspects of each of the 
characteristics of the system under consideration (in our case, 
the system of animal feed production). 
The main group of parameters is the technological one. 
We shall therefore firstly consider this group. One must 
differentiate between the two main ways of describing any 
nonagricultural technology: 
1. The description of technological functions, stages and 
processes with a view to searching for paths of 
technology improvement. 
2. The description of the technology and its intermediate 
and end products with a view to choosing a suitable 
technology which meets regional demands. 
The first approach (internal description) is useful for 
engineers and technologists who are interested in the development 
and optimization of the technology under consideration. 
The second approach (external description) is helpful for 
those interested in the application of a certain technology and 
its intermediate and end products, and those who wish to know 
the input of a technology (energy, raw materials, labor, etc.) 
and its effects on the environment. 
Schematically these ways of description can be represented 
as in Figures 2 and 3. 
The first way requires an analysis of the detailed charac- 
teristics of the technology under consideration, including the 
parameters of processes, the stages of a technological cycle, 
control parameters, etc. It will be hardly appropriate to use 
this kind of description within the scope of the Task 2 model. 
In the first place the goal of the problem under study is more 
extensive than the goal of the technology optimization. Secondly, 
the introduction of detailed characterisitics of the technology 
under consideration in the model data will lead to even greater 
complications. Therefore, the external description of a tech- 
nology is preferable as far as the solution of our problem is 
concerned. It should be noted, however, that some elements of 
the internal description can also be used. 
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1 
F i g u r e  2 :  The I n t e r n a l  D e s c r i p t i o n  
o f  a Technology 
D U ~  
TECHNOLOGY 
F i g u r e  3 :  The E x t e r n a l  D e s c r i p t i o n  
o f  a Technology 
Output  
P r o c e s s  1 
S t a g e  1 - * 
4 
t -. 
& 
S t a g e  2 
1-1 4-1 1-0 
P r o c e s s  2 
i 
On the basis of the analysis of different variants of 
technologies (Iakimets, 1980) and the above mentioned aspects, 
we can determine the following technological parameters which 
can be used in the modeling process: 
Inputs 
The demand for raw materials for the production 
of one unit of the end product; 
the demand for energy for the production of one 
unit of the end product; 
the demand for labor for the production of one 
unit of the end product; 
the demand for capital investment for the 
production of one unit of the end product; 
the demand for water for the production of one 
unit of the end product; 
the demand for equipment for the production of 
one unit of the end product. 
The average productivity rate of the producent. 
The average time for the construction of a 
technological plant. 
The average duration of the production cycle. 
11. Output 
The average output of the end product in one 
unit of time. 
The content of animal-feed component in one 
unit of the end product. (protein, amino acids, 
vitamins, trace elements) 
The average output of positive by-products in one 
unit of time. 
The average output of negative by-products in one 
unit of time. 
The content of toxicological components per one 
unit of the end product. 
The manufacturing cost of one unit of the end 
product. 
The average output of the end product from one 
unit of raw material. 
However, the parameters given in the first group are not 
sufficient to evaluate the limits and consequences of technologies 
in the long run in the region under study. 
We really also need a dynamic analysis of regional demands 
or technological products, and the interactions of various tech- 
nologies must be taken into account, and the regional possibilities 
for the development of the technology under consideration must 
be known, and the effects that the technology can have on the 
environment of the region. Moreover, we need to know the strategic 
plans for the development of regional production since the region 
under study is included in a more complex socio-economical system 
and it is economically connected to other regions. 
The characteristics of regional conditions include the 
following parameters: 
1 .  The maximum (minimum) amount of raw materials 
available in the region. 
2. The maximum (minimum) amount of energy available 
in the region for the production of technological 
end products per unit of time. 
3. The maximum (minimum) amount of labor available 
in the region for the production of a technological 
end product per unit of time. 
4. The total capital investment available in the region 
for the use of nonagricultural technologies in 
feed production. 
5. The total amount of water available in the region 
for the use of nonagricultural production. 
The third group of parameters includes those which 
characterize the existing regional animal feed production. 
1.  The total area of land for regional field feed 
production. 
2.  The total area of regional pastures and meadows. 
3. The average yield of forage crops. 
4. The content of animal feed components in one 
unit of forage crop. 
5. The content of animal feed component in one unit of 
forage from pastures and meadows. 
6. The total amount of nonagricultural supplements 
available in the region. 
7. The total volume of the regional mixed-feed 
production. 
8. The capacity of the mixed-feed plants. 
9. The number of mixed-feed plants. 
10.  The expenditure on feed units per head. 
1 1 .  The price per unit of domestically produced feed. 
12.  The price per unit of externally purchased animal feed. 
13.  The price per unit of externally sold animal feed. 
The last group includes the parameters, characterized goals 
and targets of the development of regional feed production: 
1. The planned increment of the volume of animal commodity 
production. 
2. The total amount of capital investment in the production 
of animal feed. 
3. The planned increment of the volume of production of 
field feed. 
4. The planned average gain in weight per head per annum. 
5. The demand for animal feed components per head. 
6. The levels (maximum and minimum) of consumption of 
feed in the region. 
7. The planned volume of external purchases of feed (sales 
of feed) for animal. 
8. The planned volume of external purchases of animal 
commodities (sale of animal commodities) for 
human consumption. 
The initial variant of the general structure and the lists 
of parameters of nonagricultural technologies which can be used 
in the process of modeling the regional animal feed production 
will be determined in this paper. It should be noted that the 
list of parameters for each group will need to be more precise 
for each case study. The parameters described in this paper 
are suggested for the determination of lists of coefficients, 
control variables and constraints in the linear programming 
model, which is now being developed within the framework of 
Task 2. 
It should be noted also that a number of qualitative 
parameters such as types of raw materials, types of energy 
required, feed components, types of technology, scale of tech- 
nological plants, types of animals and others have to be taken 
into consideration. Those parameters are usually used as indices 
in the linear programming models. 
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ASIAN APPROACHES TO THE PRODUCTION OF FOOD AND FEED 
FROM LIGNOCELLULOSIC AND FOOD PROCESSING WASTES 
Keith H. Steinkraus 
INTRODUCTION 
The Green Revolution has resulted in a vast increase in 
world-wide productivity of rice and wheat. This has enabled 
mankind to continue to feed a burgeoning population, but it 
has not relieved the millions of hungry and malnourished in 
the developing world. The basic problem remains essentially 
one of economics. The food is generally available if the people 
have the money to buy.it; and farmers the world over will. 
produce more food if they can sell it for a profit. However, 
we have no way at present of improving the economic status of 
millions of malnourished people, unless the world should unex- 
pectedly decide to use the 350 billion dollars spent each year 
on armaments (100 billion of which is spent by Third World 
countries) on improving the economic and nutritional status of 
the poor (Jones 1978) . 
Thus, we must look for the alternate ways of increasing 
the food supply or modifying the distribution of cereals and 
legumes between animals and man. 
Increased Utilization of Cereals for Feeding Humans 
On a world-wide basis, about 400 pounds of cereal grains 
are available per person per year (Brown and Eckholm 1974) In the 
developing world, cereal grains.are generally consumed by humans.In 
the United States, about 2000 pounds of cereal grains are avail- 
able per person per year. Of this, about 200 pounds are con- 
sumed directly in foods such as bread, cereals, etc. The rest 
is used for animal feeds and alcoholic beverage production. If 
Americans alone became vegetarians, releasing the grain now fed 
to animals, we could feed approximately another 800 million 
people a basic cereal diet. 
Development of Protein-Rich Vegetarian !4eat Substitutes in the 
Western World -- Spun Soy Protein Analogues 
Americans and other Westerners are not likely to become 
vegetarian en masse at this point, but there have been some 
interestingtrends in the Western world that will eventually 
favor our becoming more vegetarian. These have included the 
development of meat analogues, principally from soybean and 
wheat gluten (Smith and Circle 1972). Meat analogue is an indus- 
trial term for meat substitutes or synthetic meats made principally 
from plant proteins. The basic technique is to extract soybean 
protein and concentrate it to above 90% purity. The protein is 
then extruded through platinum dies and chemical baths to form very 
fine filaments similar to hair, which are then combined to form 
a fibrous meat-like texture. Meat flavors and fats are added. 
Synthetic bacon bits have been on the market for some time. Synthe- 
tichamburger used widely in chili and other meat dishes is also on 
the market, and synthetic roast beef, ham, chicken, etc., have been 
developed. 
Extruded Soy Nuggets 
Even the large meat companies have developed meat analogues. 
Swift and Co. (Chicago, Illinois) has evolved a process whereby 
soybean, usually in the form of grits or soy protein concentrate, 
is tempered with water, mixed with desirable flavors, and pro- 
cessed through a machine (Wenger Extruder, for example) in which 
the thick dough is exposed to high pressure and temperature. As 
the material emerges from the extruder, it develops a puffed 
structure, or emerges as a chewy, meat-like nugget. 
Mold Mycelium-Based Meat Analogues 
The Miller, Rank, Hovis ~IacDougall Research Group in England 
developed an alternative method of producing meat analogues. In 
their process, they grow an edible mold (Fusarium sp.) on low-cost 
starchy substrates, adding inorganic nitrogen (for synthesis of 
protein) and minerals to prcduce a type of single-cell protein (SCP). 
The mold mycelium, which provides the fibrous meat-like texture, 
is grown in tanks, recovered by filtration, and meat flavors and 
fats are added (Spicer 1971 (a) , 1971 (b) ) . The process is parti- 
cularly adapted to production of synthetic chicken breast meat. It 
has been lincensed by a large American company, and eventually the 
mold mycelium meat analogues will likely be on the American market. 
They are already being market-tested in Europe. 
These mold mycelium-based meat analogues are produced by 
highly sophisticated technology. They are entirely beyond the 
economic means of the poor in the developing world at present as 
are also, of course, all canned, frozen and most dehydrated foods 
that are so important in the developed world. 
All of these developments have taken place in the Western 
world where meat consumption is a large and important part of the 
diet. They demonstrate ways of converting legumes to forms 
acceptable to meat-eating consumers. Wider use of lower-cost 
meat analogues may reduce the need for real meats. 
SCP Production on Hydrocarbons 
SCP production on inedible substrates such as hydrocarbons 
is one of the great developments in modern applied microbiology 
(Shacklady 1970). Single-cell protein consists of cells of 
bacteria, yeasts, mold, or algae containing, respectively, up to 
80X, 50%, 40% protein on a dry weight basis. SCP production requires 
no arable land; it can be produced in the desert. While grasses such 
as elephant grass and alfalfa double their cell mass within 2 to 3 
weeks, bacteria and yeasts double their cell mass within 2 to 4 hours. 
Thus, 1,000 kg of yeast doubling its cell mass in 2 hours can pro- 
duce 12,000 kg of new cells containing 6,000 kg of protein in a 24- 
hour period. The selected microorganisms use hydrocarbons as a source 
of energy for growth, and inorganic nitrogen for synthesis of pro- 
tein. Their remaining nutrient requirements are minerals and a 
sufficient supply of oxygen (Lipinsky and Litchfield 1970). 
This "microbial farming" was so promising that it was 
estimated that by the 1980fs, 3% of the total protein produced 
in the world would be in the form of SCP (Wells 1975). It was 
assumed that hydrocarbon grown SCP would be used primarily as 
animal feed, thus releasing vast quantities of cereal grains and 
legumes, for example soybean, for use in feeding humans. Unfor- 
tunately, the cost of petroleum unexpectedly rose so high that 
production of SCP on hydrocarbons can no longer compete with the 
cost of producing soybeans or fishmeal. 
SCP Production on Ligno-Cellulose 
Because of the limited supply of petroleum for energy and 
its consequent cost, it is unlikely that it can serve as a 
substrate for economical SCP production in the future. However, 
production of SCP on ligno-cellulose, the world's largest reserve 
supply of renewable carbohydrate, could become a practical alter- 
native. 
Runinant - Production - of Protein 
Cellulose cannot be digested by man, but, as a major compo- 
nent of fiber, it does play a role in the motility of the gastro- 
intestinal tract. At present, the major practical converters of 
cellulose to useful products such as milk and meat are the rumi- 
nants - sheep, goats, and cattle. They have microorganisms in 
their rumens that can hydrolyze cellulose to glucose which, in 
turn, is used by the microorganisms for energy to synthesize 
proteins from inorganic nitrogen that can be supplied in forms 
such as urea. Minerals supply the other growth requirements for 
these microorganisms. The animal subsequently digests the 
microorganisms and synthesizes milk and meat proteins, which 
serve as major foods in the western world. Thus, the ruminants 
themselves are efficient SCP fermenters. 
Hydrolysis of cellulose outside the ruminant is, at present, 
too slow to be a practical method of producing SCP. However, 
many laboratories are working on the problem, and it is likely 
that cellulose hydrolysis may become rapid enough to permit 
cellulose to be utilized as a major energy source for the pro- 
duction of SCP in the future. 
Processes have already been developed to raise the protein 
content of straw to as high as 30% by growing a cellulolytic 
mold on it. This improves the straw as an animal feed (el Rawi 
and Steinkraus 1976). 
Mushroom Production on Ligno-Cellulose 
It is possible, also to use cellulose or ligno-cellulosic 
wastes such as waste paper, cotton waste, straw, wheat, or rice 
bran and go directly to a food. This idea has already been 
developed to a high degree in Asia in the production of mushrooms 
such as ~olvariella valvacea, the padi mushroom, and Pleurotus 
ostreatus. the ovster mushroom. on cellulosic and liuno-cellulosic 
wastes (chang 1972 and Edgar et al. 1976). ~ushrooms contain 2 to 
5% protein on a fresh weight basis, and from 30 to 47% on a dry 
weight basis (Kurtzman 1975). 
As much as 1.25 kg of fresh mushrooms can be produced on 
1 kg of straw. In Hong Kong there is an estimated 30,000 tons 
of cotton waste per year. This could serve as a substrate for 
production of approximately an equal weight of fresh mushrooms. 
The padi mushroom is grown by many farmers in Asia using 
rice straw as a substrate. Thus, the Asians have demonstrated 
to the world a practical way to transform ligno-cellulosic 
wastes directly into highly acceptable food for man. They are 
literally growing a type of microbial protein (SCP) directly 
on cellulosic waste as a nutritious, delicious food. 
The padi and oyster mushrooms can be grown under rather 
simple conditions. Paper or cotton substrates are shredded. 
Straw can be trimmed, coarse ground, or used directly. Five 
percent wheat or rice bran and 5% CaC03 are added, along with 
sufficient water to raise the moisture content to about 60%. 
This requires that approximately 1500 ml. water be added per 
kg of ligno-cellulosic waste. The substrate should then be 
steamed for 30 minutes. Alternatively, the substrate can be 
composted in heaps where microbial activity results in the 
temperature rising to about 55'~. 
The substrate is then cooled and inoculated with mushroom 
spawn. The spawn is the desired mushroom species grown on 
soaked, sterilized, wheat or corn kernels or on rice straw. 
Approximately 160 grams of spawn are added to each kg of starting 
(dry weight) substrate. Within a few weeks, under tropical 
temperatures and humidities, several flushes of fresh mushrooms 
are produced (Steinkraus and Cullen 1978). 
The developing countries in Asia have expanded significantly 
their production and use of mushrooms in the diet. Taiwan is 
producing canned mushrooms for export. In 1977, Americans 
consumed 163,000 metric tons of mushrooms, 22% of which were 
imported (Hayes 1978) . 
Production of Indonesian Tempeh 
It was Asia that taught the world how to convert vegetable 
protein to meat-like flavors in the form of soy sauce (shoyu) and 
Japanese miso-soybean paste (Yokotsuka 1960, Shibasaki and 
Hesseltine 1962). And it was the Asians, particularly the 
Indonesians, who have taught the world how to introduce meat-like 
textures into vegetable substrates. A prime example is Indonesian 
tempeh in which soybeans are soaked, dehulled, briefly cooked, 
cooled, inoculated with the mold Rhizopus oligosporus, wrapped in 
wilted banana or other large leaves, and fermented from 36 to 48 
hours (Figures 1,2,3). During this time the white mold mycelium 
knits the soybean cotyledons into a tight cake that can be sliced 
thin and deep-fat fried or cut into chunks and used in soups 
(Iljas and Peng 1977; Steinkraus, et al. 1960; Steinkraus, et al. 
1965; van Veen and Schaefer 1950; Hesseltine, et al. 1963 and 
Steinkraus, et al. 1961). Tempeh is a major meat substitute in 
Indonesia, and it is produced daily by small factories in the 
villages. 
Containing nearly 47% protein, it is very nutritious and, 
in fact, kept thousands of Westerners alive in Japanese prisoner-of 
-war camps during World War 11. The mold not only introduces textures, 
it also solubilizes the proteins and lipids, making them more digest- 
ible. It releases a peppery flavor that adds to the nutty flavor 
of the soybean substrate. The mold doubles the riboflavin content, 
increases the niacin level almost 7 times, decreases pantothenate 
slightly, and, unfortunately, decreases thiamine content; but 
surprisingly, vitamin B is found in nutritionally significant 
'I amounts (Steinkraus .et a . 1961 ! . 
One of the problems of vegetarian diets is that vegetable 
foods generally do not contain significant amounts of vitamin B12. 
It was found that a bacterium generally present with the mold is 
responsible for the vitamin BIZ in tempeh (Liem et al. 1977). If the 
fermentation is carried out with pure mold, the tempeh does not 
contain B12. If the bacterium is present, the tempeh will contain 
as much as 150 ng B12 activity per gram. Thus, this single food can 
provide both protein and vitamin B12 for vegetarians. 
It has already been demonstrated that the tempeh process can 
be used to introduce texture into other substrates made, not only 
from soybeans, but from wheat and other cereals as well (Wang and 
Hesseltine 1966). 
There is a similarity between the Miller, Rank, Hovis, 
MacDougall meat analogue process discussed above and tempeh production. 
In both cases, the texture is derived from mold mycelium, but the 
former process is sophisticated and relatively costly, while the 
latter is low-cost technology. 
Tempeh has been adopted as a major protein source, replacing 
meat in the diet, by American vegetarians. The acceptance of this 
Indonesian food technology in the United States and Canada suggests 
that the technology could also be used in other countries where it 
is still unknown, thus improving the diversity and nutritive value 
of the diets of the poor. 
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Figure 1. FLOW SHEET: Indonesian household tempe process 
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Hydrate overn igh t  a t  room temperaV~.re i n  a c i d i f i e d  soak 2330 g (62% 4.9% 
wate r ,  Beans:Water, 1:3 (1: of 8 5 " d a c t i c  a c i d  added) mois tu re )  
Dehull i n  a b r a s i v e  vegetable  peeler  2020 g (64% 17.1% 
t moi s t u r e )  
Remove h u l l s  i n  running water 
I 
t 
Boil cotyledons i n  a c i d  soak water 90 minutes 1895 g (62.4% 1.6% 
t mi s t u r e )  
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Inocu la te  (1 g spores  grown bn wheat branlkg cotyledons)  
Incubate ( s t a i n l e s s  s t e e i  covered cake pans with 
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t 
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Total  27 -5% 
Figure 2 .  FLOW SHEET: Laboratory tempe production ( 2 2 )  
Figure 3. FLOW SHEET: Small factory production of tempe (20) 
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used (see Table 1 ) . 
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Table  1 .  Equipment l i s t  f o r  s m a l l  f a c t o r y  p r o d u c t i o n  o f  tempe 
(20 
F e r r e l  , A .  T .  , Co.. Saginaw, Michigan. Model 297-AS Cl ippe r  
pea s i z e  g r a d e r .  Screens with oblong cross  s l o t s  4 . 8 ,  5 .2,  
5 .6  and 6 .0  by 19 mm (12164, 13/64, 14/64, 15/64 by 314 inch )  
( c a p a c i t y  about  110 kg lhour ) .  
Bauer Bros. Co., S p r i n g f i e l d ,  Ohio. No. 148-2-E. Twenty-one 
cm ( 8  inch )  1  a b o r a t o r y  m i l l .  
Custom-buil t  c i r c u l a t i n g  h o t - a i r  cab ine t  d rye r  designed and 
b u i l t  by Dept. o f  Food Science and Technology, New York S t a t e  
Agricul  t u r a l  Experiment S t a t i o n ,  Geneva, New York, w i t h  con- 
t r o l l e d  wet-bul b t empera ture ,  a i r  v e l o c i t y ,  and r e c i r c u l a t i o n .  
The d r y e r  a c c e p t s  t r a y s  o f  35 x  81 x 1 . 3  cm (14 x 32 x 112 
i n c h ) .  The t r a y s  a r e  s t a i n l e s s  s t e e l  wi th  woven 3  mm (118 
i n c h )  mesh bottoms. 
O l ive r  Mfg. Co., Rocky Ford, Colorado. Model 5A g r a v i t y  
s e p a r a t o r  ( c a p a c i t y  90 kglhour ) . 
Lee Metal Products  Co., I n c . ,  Phi l ipsburg ,  Pa. S e r i a l  No. 
5598. Seventy-s ix  l i t e r  (20 g a l l o n )  s t a i n l e s s - s t e e l  steam 
k e t t l e  ( c a p a c i t y  28  kg hydrated beans) .  
Hobart Mfg. Co., Troy Ohio. Mixer Model H-600T ( c a p a c i t y  
14 kg hydrated beans ) .  
F i t z p a t r i c k ,  W .  J .  Co., Chicago 7, 111. Model D comninuting 
machine. 
American S t e r i l i z e r  Co., E r i e ,  Pa. Autoclave, type LS 2138. 
F. J .  Stokes Machine Co., Phi lade lphia  20, Pa. Freeze-  
d r y e r ,  model 2004L3. 
Quaker C i t y  Mill Co., Ph i l ade lph ia ,  Pa. Burr mill F No. 4.  
Fas t -Cooking  Foods 
~ a s t - c o o k i n g  f o o d s  a r e  a p p r e c i a t e d  world-wide b e c a u s e  f u e l  
i s  c o s t l y .  Tempeh f e r m e n t a t i o n  r e d u c e s  t h e  c o o k i n g  t i m e  f o r  
soybeans  from a b o u t  5 o r  6 h o u r s  t o  1 h o u r s  o r  less b o i l i n g .  
I n c r e a s i n g  t h e  P r o t e i n  C o n t e n t  o f  High-Starch  S u b s t r a t e s  
SCP c a n  e a s i l y  be  produced  by growing  s u i t a b l e  o r g a n i s m s  
on  a  s t a r c h  s u b s t r a t e  t o  which m i n e r a l s  and  i n o r g a n i c  n i t r o g e n  
a r e  added .  T h i s  i s  t h e  b a s i c  p r o c e s s  u s e d  by M i l l e r ,  Rank, H o v i s ,  
and MacDougall t o  p roduce  mold mycelium f o r  t h e i r  meat  a n a l o g u e s .  
Unfermented c a s s a v a  c o n t a i n s  o n l y  1 o r  2 %  p r o t e i n ,  i n s u f f i -  
c i e n t  t o  meet human p r o t e i n  r e q u i r e m e n t s ,  y e t  m i l l i o n s  o f  t h e  
w o r l d ' s  v e r y  poor  u s e  c a s s a v a  a s  a  ma jo r  s t a p l e  f o o d .  
I n d o n e s i a n s  have  d e m o n s t r a t e d  t o  t h e  w o r l d  how t o  i n c r e a s e  
t h e  p r o t e i n  c o n t e n t  by growing  e d i b l e  m i c r o b e s  on s t a r c h  sub-  
s t ra tes .  The e s s e n t i a l  f e r m e n t i n g  o r g a n i s m s  a r e  Amylomyces 
r o u x i i ,  a  mold,  a n d  a t  l e a s t  one  y e a s t ,  s u c h  a s  Endomycopsis 
b u r t o n i i .  They grow on  t h e  s t a r c h y  s u b s t r a t e  and  n o t  o n l y  i n c r e a s e  
t h e  p r o t e i n  c o n t e n t ,  b u t  t r i p l e  t h e  t h i a m i n e  l e v e l  and  s y n t h e s i z e  
l y s i n e ,  t h e  f i r s t  l i m i t i n g  amino a c i d  i n  many h i g h  s t a r c h  s u b s t r a t e s .  
The a c i d ,  a l c o h o l s ,  and  esters produced  d u r i n g  f e r m e n t a t i o n  add  
a  f l a v o r  h i g h l y  a c c e p t a b l e  t o  t h e  consumer (Cronk e t  a l .  1 9 7 7 ) .  
The p r o t e i n  c o n t e n t  o f  r i c e  ( t a p 4  k e t a n )  may b e  i n c r e a s e d  t o  a s  
h i g h  a s  1 6 % ,  t h e  p r o t e i n  c o n t e n t  o f  c a s s a v a  ( t a p 4  k e t e l l a )  c a n  b e  
i n c r e a s e d  t o  4 t o  8 % .  I n  t h e  form o f  t a p &  k e t e l l a ,  t h e  p r o t e i n  
q u a n t i t y  and  q u a l i t y  o f  c a s s a v a  a r e  b o t h  improved.  T h i s  p r o c e s s  
o f  improving  t h e  p r o t e i n  c o n t e n t  o f  h i g h  s t a r c h  f o o d s  c o u l d  be  
expanded and  e x t e n d e d  t o  o t h e r  c o u n t r i e s .  
U t i l i z a t i o n  o f  Food P r o c e s s i n g  and A g r i c u l t u r a l  Wastes  t o  Produce  
H i g h - Q u a l i t y  Foods 
I n d o n e s i a n  o n t j o m  and bongkrek .  The I n d o n e s i a n s  have  a l s o  
d e v e l o p e d  methods t o  c o n v e r t  food  p r o c e s s i n g  by -p roduc t s  such  a s  
p e a n u t  and  c o c o n u t  p r e s s - c a k e s ,  which  t h e  Western  w o r l d  h a s  t r a d -  
i t i o n a l l y  f e d  t o  a n i m a l s ,  t o  human-qual i ty  f o o d s  ca l led  oncom 
[ ( o n t j o m )  and  bongkrek  ( F i g u r e  4 )  1 .  They have  done  t h i s  by u s e  o f  
t h e . b a s i c  tempeh p r o c e s s .  The p r e s s - c a k e s  are h y d r a t e d ,  c o a r s e  
g r o u n d ,  formed i n t o  c a k e s ,  s t eamed ,  c o o l e d ,  and  i n o c u l a t e d  w i t h  
e i t h e r  t B &  tempeh mold o r  Neurospora  i n t e r m e d i a .  The mold o v e r -  
grows t h e  p a r t i c l e s ,  k n i t t i n g  them i n t o  t i g h t  c a k e s  t h a t  c a n  be  
s l i c e d  t h i n  o r  c u t  i n t o  chunks  and  used  i n  s o u p s  (van  Veen and  
S t e i n k r a u s  1970,  and  Saono e t  a l .  1 9 7 7 ) .  These  p r o d u c t s  a r e  low- 
c o s t ,  p r o t e i n - r i c h  mea t  a n a l o g u e s .  The b a s i c  c h a n g e s  a r e  s i m i l a r  
t o  t h o s e  t h a t  o c c u r  d u r i n g  tempeh f e r m e n t a t i o n .  I n  a d d i t i o n ,  it 
h a s  been  found t h a t  t h e  c o n t e n t  o f  a f l a t o x i n ,  a lways  p r e s e n t  i n  
p e a n u t  o r  c o c o n u t - p r e s s  c a k e ,  i s  r e d u c e d  (van Veen e t  a l .  1 9 6 8 ) .  
The s t r q i n s  of Neurospora  i n t e r m e d i a  a l s o  c o n t a i n  c e l l u l a s e s  t h a t  
r e d u c e  t h e  n a t u r a l  f i b e r  c o n t e n t  o f  t h e  p e a n u t  o r  c o c o n u t  p r e s s  
c a k e .  
F i g u r e  4 .  FLOW SHEET: Indones ian  p r o c e s s  f o r  oncom p r o d u c t i o n  
Home and l o c a l  i n d u s t r y  ( 1  8 )  
Sol i d  waste of t ap ioca  Peanut  p ress  cake Wet s o l i d  waste o f  
iT t soybean milk pro- duc t ion  ( t a h u )  
Soak in  c lean water  Soak i n  c lean  water. 
Y 
Drain by p u t t i n g  
-I0 minujes 3-4 i n  a gunny sack  and p r e s s  under a heavy s t o n e ,  5-12 hours  
Drain well Drain wel l  / 
Crumble by hand, screen Crumble by hand 
through a c o a r s e  bamboo 
Mix thorough1 y M i x  thoroughly  
I 
Steam 
t 
Steam 
Cool and form i n t o  cool' cakes  formed i n t o  
f l a t  cakes in a wooden 
mol d 
f l a t  cakes i n  a wooden 
mol d 
lnocul a t e  w i t h  d r i e d  
oncom powder (Rhi zopus s p  .) 
I 
~ n o c ' u l a t e  w i t h  d r i e d  oncom 
powder (Neurospora s p . )  
place on woven bamboo 
t r a y s  and cover w i t h  
banana leaves  
place  on woven bamboo 
t r a y s  and cover  w i t h  
banana 1 eaves  
lncubate  a t  25-30 C f o r  
36-48 hours,  t u r n  ups ide  
down a f t e r  24 hours 
~ n c u b a t e  a t  25-30 C f o r  
36-48 hours ,  t u r n  upside 
down a f t e r  2 4  hours 
0nkom h i  tam 0ncom merah 
These indigenous fermented food p roces ses  o f f e r  a  unique 
oppor tun i ty  f o r  i n c r e a s i n g  t h e  q u a n t i t y  and q u a l i t y  of p r o t e i n  i n  
a r e a s  of t h e  world where t h e  s t a p l e  food i s  comprised l a r g e l y  of 
s t a r c h .  
SUMMARY 
The Asians have provided t h e  r e s t  of  t h e  world p a t t e r n s  by 
which l i g n o - c e l l u l o s i c  and food p roces s ing  wastes  can be conver ted  
t o  human food e i t h e r  through t h e  produc t ion  of mushrooms o r  
through fe rmenta t ion  by s e l e c t e d  e d i b l e  molds. A s  t h e  world 
popula t ion  i n c r e a s e s  t o  6 b i l l i o n  o r  more over  t h e  nex t  50 y e a r s ,  
t h e s e  processes  and t h o s e  t h a t  can be de r ived  from them w i l l  become 
i n c r e a s i n g l y  important  i n  feed ing  t h e  human r a c e .  
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GREEN CROP FRACTIONATION 
- AN ECONOE'IIC ANALYSIS 
S.B. Heath, R.J. Wilkins, 
A. Windram, and P.R. Foxell 
IWTRODUCT ION 
The reported economic analyses for the process of green crop 
fractionation have been for systems where all the products were 
intended for inclusion in animal feeds. Vosloh et a1 (1976) in 
the United States of America (USA) made a theoretical economic 
evaluation of a factory operation and that study has been updated 
by Enochian et a1 (1977). Bray (1977) has also evaluated this 
process for the USA. 
In a previous study, Wilkins et a1 (1977a:131-142, 1977b:109) 
evaluated a number of possible systems for green crop fractionation 
under the economic conditions pertaining to the United Kingdom (UK). 
Unlike the USA studies, no economic value was attributed to the 
xanthophyll in the leaf protein concentrate (LPC). This paper 
extends that analysis to take account of our improved understanding 
of the input output relationships in the light of new research 
results, the possibility of making substantial reductions in fuel 
usage by recycling the exhaust gases of the crop drier and, thirdly, 
the financial value of the xanthophyll contained in the LPC. 
As in our previous study, a factory operation was modeled in 
which the crop was purchased at the factory gate and the products 
were sold to the animal feed trade. In this analysis the income, 
costs and returns on capital for various feasible green crop 
fractionation systems are examined in relation to conventional 
green crop dehydration and a system of green crop dehydration 
involving substantial fuel economy. The economic variables relate 
to those ruling in the UK in April, 1978. The sensitivity of the 
results is examined in relation to variation in costs and 
efficiency of the process. The prospects for the commercial 
adoption of green crop fractionation are discussed. 
DEFINITION OF TERMS 
An o u t l i n e  o f  t h e  p r o c e s s  o f  g r e e n  c r o p  f r a c t i o n a t i o n  i s  shown 
i n  F i g u r e  1 .  The j u i c e  i s  t h e  c e l l  s a p  e x t r a c t e d  from t h e  c r o p  
w i t h o u t  f u r t h e r  s e p a r a t i o n .  The p r e s s e d  c r o p  is t h e  r e s i d u e  
remaining a f t e r  t h e  j u i c e  f r a c t i o n  h a s  been m e c h a n i c a l l y  e x t r a c t e d  
from t h e  whole c r o p .  The l e a f  p r o t e i n  c o n c e n t r a t e  (LPC) i s  t h e  
p r o t e i n - r i c h  f r a c t i o n  r e c o v e r e d  from t h e  j u i c e .  The j u i c e  f r a c t i o n  
remaining i s  termed t h e  d e p r o t e i n i z e d  j u i c e  ( D P J ) .  The e x t r a c t i o n  
r a t i o  (ExR) d e f i n e d  t h e  p r o p o r t i o n  o f  t h e  c r o p  d r y  m a t t e r  (DM) 
which i s  e x t r a c t e d  i n  t h e  j u i c e .  Likewise  t h e  s e p a r a t i o n  r a t i o  
(SpR) i s  t h e  p r o p o r t i o n  o f  t h e  j u i c e  DM r e c o v e r e d  a s  LPC. 
CROP 
PRE~SED 
CROP 
+ESH 
JUICE 
I 
COAGULATED 
JUICE 
JUICE PROTEIN 
(DPJ CONCENTRATE 1, 1: ~ ; P + R A T ~  FR(SH 
DPJ 
O R E D  DRIED 
PRESSED PRWED CROP + 
CRdP EVAPORATED DPJ 
F i g u r e  1 .  The f l o w  d iagram f o r  t h e  g r e e n  c r o p  f r a c t i o n a t i o n  
sys tems .  
A i n d i c a t e s  p r o p o r t i o n a l  f low;  
ExR, i n d i c a t e s  e x t r a c t i o n  r a t i o ;  
SpR, i n d i c a t e s  s e p a r a t i o n  r a t i o .  
SYSTEXS EXAMINED 
The fo l lowing  systems,  def ined  by t h e  produc ts  of t h e  p roces s ,  
have been compared i n  t h e  p r e s e n t  economic e v a l u a t i o n .  I n  a l l  
c a s e s  10 k t  a l f a l f a  DM were processed per .  annum. 
System 1 :  Dried c rop  ob ta ined  from convent iona l  green crop 
dehydrat ion i n  which t h e  exhaus t  gases  from t h e  d r i e r  w e r e  r ecyc l ed  
a s  an a i d  t o  f u e l  economy. 
System 2 :  Dried c rop  ob ta ined  from a  system i n  which t h e  
incoming crop was h e a t  t r e a t e d  and processed p r i o r  t o  dehydra t ion  
(F igure  2 ) .  This  system w i l l  be r e f e r r e d  t o  a s  g reen  crop 
dehydra t ion  with  s t e e p i n g .  The recyc led  DPJ was hea ted  and 
r e tu rned  t o  t h e  incoming crop s o  a s  t o  coagu la t e  t h e  p r o t e i n  w i t h i n  
t h e  c rop  i t s e l f .  Some DPJ was removed from t h e  s t eeped  c rop  by 
a  f i l t e r  p r i o r  t o  f u r t h e r  s e p a r a t i o n  of t h e  DPJ i n  a  screw p r e s s .  
The DPJ i n  excess  of t h a t  which was r equ i r ed  f o r  r e c y c l i n g  was 
evaporated t o  50% DM and r e tu rned  t o  t h e  pressed  c rop  p r i o r  t o  
dehydra t ion .  Fuel  economy was achieved by r e c y c l i n g  t h e  exhaus t  
gases  of  t h e  d r i e r  through t h e  d r i e r  i t s e l f  and through t h e  
evapora tor .  Nearly a l l  t h e  energy f o r  t h e  DPJ evapora to r  was 
provided by t h e  exhaus t  gases .  
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Figure  2 .  The flow diagram f o r  green c rop  dehydra t ion  wi th  
s t e e p i n g ,  System 2 .  
Three green c rop  f r a c t i o n a t i o n  systems were eva lua t ed :  
System 3 :  Dried pressed  c rop  and coagula ted  j u i c e .  
System 4 :  Dried pressed  c rop  with  evaporated DPJ r e tu rned  
t o  t h e  p r e s s e d  c r o p  and d r i e d  LPC. 
System 5: Dried p r e s s e d  c r o p ,  d r i e d  LPC and f r e s h  DPJ 
r e t u r n e d  t o  t h e  l and  a s  f e r t i l i z e r .  
For  t h e s e  sys tems t h e  c r o p  was pulped p r i o r  t o  p r e s s i n g  w i t h  
a  screw p r e s s .  The j u i c e  was coagu la t ed  w i th  s team,  and,  when 
s o l d  a s  coagu la t ed  j u i c e ,  h y d r o c h l o r i c  a c i d  and sodium metabi-  
s u l p h i t e  w e r e  added a s  p r e s e r v a t i v e s .  The LPC was recovered  
u s i n g  a  d e c a n t e r  c e n t r i f u g e  and d r i e d  i n  a  f l u i d i z e d - b e d  d r i e r .  
Where t h e  D P J  was r e t u r n e d  t o  t h e  p r e s s e d  c r o p  it was f i r s t  
evapo ra t ed  t o  50% DM i n  a  m u l t i p l e - e f f e c t  e v a p o r a t o r  u s i n g  t h e  
energy d e r i v e d  from t h e  exhaus t  g a s e s  o f  t h e  c r o p  d r i e r .  Where 
t h e  DPJ was r e t u r n e d  t o  t h e  l and  t h e  h e a t  c o n t a i n e d  i n  t h e  DPJ 
was recovered  t o  p r e h e a t  t h e  w a t e r  used t o  produce steam. The 
d r i e d  p r e s sed  c r o p  was ground and p e l l e t e d  b e f o r e  s a l e .  
THE PRINCIPAL ASSUMPTIONS I N  THE MODEL 
The f u l l  l i s t i n g  o f  t h e  assumpt ions  and t h e  d a t a  used can be 
o b t a i n e d  from t h e  f i r s t  a u t h o r .  Ou t l i ned  below a r e  t h e  most 
impor t an t  f e a t u r e s  o f  t h e  model; t h e  d e t e r m i n a t i o n  o f  ExR, t h e  
s a l e  p r i c e  o f  t h e  p r o d u c t s ,  t h e  purchase  p r i c e  o f  t h e  c r o p  and 
t h e  machinery c o s t s  .. 
The more e f f i c i e n t  t h e  p r o c e s s  o f  pu lp ing  p r i o r  t o  p r e s s i n g  
t h e  g r e a t e r  w i l l  be ExR.  There is a l s o  a  n e g a t i v e  r e l a t i o n s h i p  
between ExR and t h e  c r o p  DM p e r c e n t .  I n  t h e  a n a l y s i s  o f  t h e  g r e e n  
c r o p  f r a c t i o n a t i o n  sys tems it was assumed t h a t  an  18% DM c rop  
was p rocessed  t o  g i v e  an ExR of 0.36 f o r  c r o p s  pulped p r i o r  t o  
p r e s s i n g ,  and 0.22 f o r  unpulped c rops .  The r e l a t i v e  d r y  m a t t e r  
y i e l d s  o f  t h e  p r o d u c t s  o b t a i n e d  w i t h  t h e s e  E x R s  a r e  shown i n  
Table  1 .  
Table  1. The r e l a t i v e  d r y  m a t t e r  y i e l d s  o f  t h e  p r o d u c t s  from t h e  
p r o c e s s  of  g r een  c r o p  f r a c t i o n a t i o n .  
E x t r a c t i o n  r a t i o  
c r o p 1  100 100 
J u i c e  : 36 2 2  
LPC 16 8  
DPJ 20 14 
P re s sed  Crop 64 78 
' 18 percent DM crop processed. 
The basis for the calculation of the sale price of the 
products was their calculated content of metabolizable energy 
(ME) and digestible crude protein (DCP). It was assumed that the 
total production of ME and DCP was the same for all systems. The 
composition of the various products is shown in Table 2 and their 
economic values are shown in Table 3. The values of IdE and DCP 
per unit were derived from the UK market prices of barley and 
soybean meal and their content of ME and DCP. In addition, the 
content of xanthophyll in the LPC increased this product's value. 
The value of a unit of xanthophyll was related to the cost of 
synthetic xanthophyll. The market price of coagulated juice was 
1 0 %  lower than the price related directly to its nutritional value 
to allow for the greater difficulty in storing, transporting and 
utilizing such a product. The fresh DPJ was valued on the basis 
of its fertilizer value reduced by the cost of returning it to the 
land. 
Table 2. The composition of the products from the process of 
green crop fractionation 
Ektraction ratio 0.36 Extraction ratio 0.22 
b P  180 195 9.6 144 - 180 195 9.6 144 - 
Juice 92 350 11.6 287 - 76 320 11.6 259 - 
LPC - 613 12.4 531 1.30 - 617 12.4 534 1.31 
DPJ 57 150 11.0 102 - 51 142 11.2 95 - 
Pressed 
CJlOp 322 107 8.4 62 - 266 159 9.0 110 - 
~ry matter. 
' Crude protein. 
Metabolisable energy. 
Digestible crude protein. 
Xanthophyll. 
The purchase price of the fresh alfalfa was calculated to 
qive the farmer a qross marqin (income minus the direct costs of 
production) simila; to that-obtained from the production of barley 
grain. The calculation involved the yields and direct production 
costs for alfalfa and barley, and the- sale price of barley. 
Harvesting and transport of the crop to the factory gate were 
considered as separate contract operations. In costing these 
operations allowance was made for the contractor's own return on 
capital. 
Table  3. The sale v a l u e  ( e x  f a c t o r y )  o f  t h e  p r o d u c t s  from t h e  
p r o c e s s  of  g r e e n  c r o p  f r a c t i o n a t i o n  
Economic paramters: 
Price of metabl i sable  energy 0.65 p/MS1 
Price of digest ible  crude protein 15.0 ~ / k 9  
Price of xanthophyll 0.015 p / q  
In these circumstances the price for  soybean mal is £ 148/tonne DB, 
for  barley E 96/tonne DB. 
Sale value of the products, £/tonne DB: 
Dried a l f a l f a  crop 
Extraction r a t i o  
0.36 
- 
0.22 
-
Coagulated juice2 107 103 
Dried LPC 355 357 
DPJ sold as f e r t i l i z e r  10 10 
DPJ returned to the  pressed crop 8 7 87 
Dried pressed crop 6 4 75 
Dried pressed crop with returned DPJ 70 77 
. ' m p  = pence = £0.01 
' The value of the juice on the basis of its composition has been discounted 
by ten  percent. 
C a p i t a l  c o s t s  w e r e  d e r i v e d  from manufac tu re r s '  ex-works 
p r i c e s  i n  A p r i l  1978. The maximum t h r o u g h p u t  ra te  r e q u i r e d  f o r  
t h e  major  i t e m s  of equipment  w a s  c a l c u l a t e d  i n  t h e  n o d e l  a c c o r d i n g  
t o  t h a t  needed f o r  a p a r t i c u l a r  sys tem,  w i t h  an a l lowance  f o r  
e x t r a  c a p a c i t y  t o  c o v e r  breakdown, maintenance  and v a r i a t i o n  i n  
c r o p  Dl4 p e r c e n t .  The c o s t  of  e a c h  machine w a s  t h e n  c a l c u l a t e d  by 
l i n e a r  i n t e r p o l a t i o n  from t h e  m a n u f a c t u r e r s '  p r i c e s  f o r  machinery 
of  known c a p a c i t y .  T h i s  approach w i l l  have l e d  t o  a t o t a l  c o s t  
o f  machinery somewhat lower  t h a n  t h a t  which would r e s u l t  from t h e  
p u r c h a s e  of  c u r r e n t l y  a v a i l a b l e  equipment ,  b u t  w a s  adop ted  because  
o f  t h e  a r b i t r a r y  c h o i c e  i n  t h e  model o f  t h e  e x a c t  q u a n t i t y  of  c r o p  
t o  be  p r o c e s s e d .  I f  t h e  p r o c e s s  w a s  s o l d  commercia l ly  it i s  
l i k e l y  t h a t  t h e  machines would be  manufactured  s o  t h a t  t h e i r  
c a p a c i t i e s  were b a l a n c e d .  The c o s t s  of i n s t a l l a t i o n ,  commissioning 
and small i t e m s  of  equipment  such  a s  conveyors ,  pumps and pipe-work 
were e s t i m a t e d  a s  b e i n g  502 of t h e  i t e m i z e d  p r o c e s s i n g  equipment .  
I n s t a l l a t i o n  and commissioning c a n  b e  a s  h i g h  as 20 p e r c e n t  o f  t h e  
c a p i t a l  c o s t  o f  a  machine. An estimate o f  t h e  c o s t  o f  b u i l d i n g s  
and p r o v i d i n g  s e r v i c e s  t o  t h e  b u i l d i n g s  w a s  a l s o  made. The f a c t o r y  
p r o c e s s i n g  machinery w a s  d e p r e c i a t e d  o v e r  7 y e a r s  and b u i l d i n g s  
o v e r  15 y e a r s .  
No allowance was made f o r  t h e  i n t e r e s t  on t h e  se t -up  c a p i t a l  
o r  on t h e  working c a p i t a l .  The average working c a p i t a l  cou ld  
approach 50% of t h e  produc t ion  c o s t s  i f  most of t h e  produc t ion  was 
s o l d  i n t h e  w i n t e r  pe r iod .  The c a l c u l a t e d  r e t u r n  on c a p i t a l  ( p r o f i t  
d iv ided  by se t -up  c a p i t a l )  would need t o  p rov ide  f o r  t h e s e  two 
i n t e r e s t  payments and a l s o  t h e  p r o f i t .  
INCOME, COSTS AND RETURN ON SET-UP CAPITAL 
The income, c o s t s  and r e t u r n  on c a p i t a l  f o r  t h e  systems 
d e t a i l e d  above a r e  p re sen ted  i n  Table 4 .  For t h e  green c r o p  
f r a c t i o n a t i o n  systems it was assumed t h a t  ExR e q u a l s  0.36. System 
3  produced l e s s  revenue than  System 1 a s  a  r e s u l t  of t h e  105 
d i scoun t  f o r  t h e  coagula ted  ju i ce .  Systems 4 and 5  produced 36 
and 17% more revenue than  System 1 r e s p e c t i v e l y  because of  t h e  
va lue  added by t h e  xan thophyl l  i n  t h e  LPC. The f r e s h  DPJ 
c o n t r i b u t e d  on ly  2 %  of t h e  revenue System 5. 
The percen tage  t h a t  each c o s t  i tem was of t h e  t o t a l  c o s t s  i s  
shown i n  b r a c k e t s  i n  Table 4 .  The c o s t  of  t h e  c rop  a t  t h e  f a c t o r y  
g a t e  v a r i e d  from 46% t o  56% of t h e  t o t a l  c o s t s .  The c o s t  of  f u e l  
and power f o r  System 1 was 34% of t h e  to ta l  c o s t s ,  whereas it was 
on ly  about 20% of  t h e  t o t a l  c o s t s  f o r  each of t h e  o t h e r  systems.  
The main f u e l  c o s t  was f o r  d ry ing  t h e  f i b r o u s  c rop  f r a c t i o n .  The 
f u e l  and power c o s t s  of  Systems 2 and 4 were 56% of t h a t  used i n  
convent iona l  c rop  dehydra t ion .  The d e p r e c i a t i o n  charge v a r i e d  
between 1 1 %  and 19% of t h e  t o t a l  c o s t s ,  which r e f l e c t e d  t h e  
v a r i a t i o n  i n  se t -up  c a p i t a l .  
System 1 showed a  l o s s  and thus  a  nega t ive  r e t u r n  on c a p i t a l .  
A l l  o t h e r  systems made a  p r o f i t ,  w i th  Systems 4 and 5  showing a  
s u b s t a n t i a l  r e t u r n  on c a p i t a l .  Although System 4 had t h e  g r e a t e s t  
p r o f i t  it d i d  n o t  have t h e  g r e a t e s t  r e t u r n  on c a p i t a l  because t h e  
se t -up  c a p i t a l  was 45% g r e a t e r  than  System 5. Even i f  t h e  f r e s h  
D P J  was disposed of  a t  no va lue  t h e  r e t u r n  from System 5  would 
s t i l l  have been s i m i l a r  t o  t h a t  from System 4 .  
SENSITIVITY ANALYSIS 
The s e n s i t i v i t y  of t h e  p r o f i t a b i l i t y  of System 4 has  been 
examined i n  r e s p e c t  of v a r i a t i o n  i n  t h e  y i e l d  of LPC, i n  t h e  
revenue ob ta ined  from t h e  s a l e  of t h e  p roduc t s ,  and i n  t h e  c o s t  
of v a r i o u s  i tems.  System 4 was chosen because it was cons idered  
more f e a s i b l e  t han  System 5 ,  a l though  t h e  l a t t e r  achieved a  g r e a t e r  
r e t u r n  on se t -up  c a p i t a l .  
S e n s i t i v i t y  of  t h e  Return t o  V a r i a t i o n  i n  E x t r a c t i o n  R a t i o  (ExR) 
Two p o s s i b i l i t i e s  have been examined. I n  t h e  f i r s t ,  System 
4 A ,  t h e  y i e l d  of  LPC was inc reased  by reducing t h e  DM percen tage  
of  t h e  incoming c rop  from 18 t o  15 by r e c y c l i n g  some of  t h e  DPJ. 
Because of t h e  nega t ive  r e l a t i o n s h i p  between ExR and t h e  c rop  Dl1 
percen tage  it was p o s s i b l e  t o  i n c r e a s e  t h e  y i e l d  of LPC by 8 % .  
Table  4. C a l c u l a t e d  income and c o s t s  (Ek) and p e r c e n t a g e  r e t u r n  
on s e t - u p  c a p i t a l  f o r  d i f f e r e n t  p r o c e s s i n g  sys tems f o r  
a l f a l f a !  
Dried Dried Dried Dried Dried 
crop crop pressed pressed pressed 
crop crop with crop 
coagulated returned Dried LFC 
juice evaporated Fresh DPJ 
DPJ 
Dried LFC 
System No. 2 1 2 3 4 5 
InCOrrE 
Pressed crop 838 838 408 587 408 
Juice - 387 - - - 
LFC - - - 556 556 
DPJ - - - - 
    
20 
-
mtal incame 
Costs 
Crop, hamesting 
and transportation 
Fuel and v r  fo r  
-ping 
Pressing 
Steam generation 
Separating and 
dewatering 
Drying pressed crop 
Dryins 
Evaporating DPJ 
Preserving chemicals 
Labor 
Repairs + rraintenance 
Depreciation 
Overhead + m g e m n t  
Total costs 
Profi t  -1 0 68 106 306 257 
Set-up capital  704 918 59 8 1176 81 3 
96 return on capi ta l  Neg 7 18 26 3 2 
10kt a l f a l f a  DM prccessed/year 
For further description of the systems see text. For systems 3, 4 and 5 
the extraction r a t i o  equals 0.36 
The econadc parameters are defined in Table 3 and the cost  of fuel  is 
4 
8p/l i t re  
Figures in brackets are the percentage that an i t e m  is of the  t o t a l  costs 
for  the particular system. 
T h i s  r e s u l t e d  i n  a  s m a l l  i n c r e a s e  i n  r e t u r n  on c a p i t a l  ( T a b l e  5 )  
compared t o  Sys tem 4 ( T a b l e  4 ) .  
The o t h e r  p o s s i b i l i t y  examined f o r  i n f l u e n c i n g  t h e  y i e l d  of  
t h e  LPC was t o  r e d u c e  ExR by  n o t  p u l p i n g  t h e  c r o p  p r i o r  t o  p r e s s i n g  
- System 4B.  ExR was r e d u c e d  t o  0.22 and  t h e  r e s u l t i n g  LPC y i e l d  
was 54% o f  t h a t  o b t a i n e d  f rom S y s t e m . 4 .  I n  T a b l e  5 it c a n  b e  s e e n  
t h a t  t h i s  r e s u l t e d  i n  r e d u c e d  income,  o n l y  s l i g h t l y  r e d u c e d  c o s t s  
and s e t - u p  c a p i t a l .  So l o n g  a s  t h e  x a n t h o p h y l l  c o n t e n t  o f  t h e  LPC 
h a s  a n  economic v a l u e ,  r e d u c t i o n  i n  LPC y i e l d  c a u s e s  a  r e d u c t i o n  
i n  r e v e n u e  and  c o n s e q u e n t  d e c l i n e  i n  t h e  r e t u r n  on  c a p i t a l .  
T a b l e  5 .  The e f f e c t  o f  m a n i p u l a t i n g  t h e  e x t r a c t i o n  r a t i o  on t h e  
income,  costs (Ek) and  t h e  p e r c e n t a g e  r e t u r n  on s e t - u p  
c a p i t a l  f o r  Sys tem 4 p r o d u c i n g  d r i e d  p r e s s e d  c r o p  w i t h  
r e t u r n e d  e v a p o r a t e d  DPJ and  d r i e d  LPC. 
System 4A System 4B 
Extraction ratio 
ixv~ content of t he  crop 18 percent CM crop 
reduced to 15 percent not pulped p r io r  
by recycling DPJ p r io r  to pressing 
to pulping and (yield LeC DM 840t) 
pressing (yield LPC 
DM 1690t) 
Pressed crop 
LFC 
Total income 
crop 
Fuel and p e r  
pulping 
Pressing 
Steam generation 
Separating and dewatering 
Drying pressed crop 
Drying LFC 
Evapra t ing  DPJ 
Other costs  
Total costs  
P r o f i t  
Set-up cap i t a l  1144 1064 
% re turn on c a p i t a l  2  9 16 
l DM - ~ r y  mtter 
S e n s i t i v i t y  o f  t h e  Return  t o  V a r i a t i o n  i n  Income 
I n  A p r i l  1978, t h e  European Economic Community (EEC)  p roduc e r s  
of  d r i e d  f o d d e r  and p r o t e i n  c o n c e n t r a t e s ,  d e r i v e d  from a l f a l f a  o r  
g r a s s  j u i c e ,  w e r e  e l i g i b l e  f o r  a  subs idy  o f  f l 9 . 5 / t o n n e  DM, s o  
long  a s  t h e  c r u d e  p r o t e i n  c o n t e n t  o f  t h e s e  p r o d u c t s  w a s  i n  e x c e s s  
o f  130 and 450 g/kg DM r e s p e c t i v e l y .  T h i s  s u b s i d y  i s  i n t ended  t o  
i n c r e a s e  p r o d u c t i o n  o f  h i g h  p r o t e i n  animal  f e e d s  w i t h i n  t h e  EEC. 
System 1A i n  Tab le  6  comes from t h e  i n c l u s i o n  o f  t h i s  subs idy  i n  
t h e  income of  System 1 .  Th i s  r e s u l t e d  i n  a  change i n  t h e  r e t u r n  
on c a p i t a l  from a  n e g a t i v e  f i g u r e  t o  26%. By comparison,  t h e  
r e t u r n  f o r  System 4 was o n l y  m a r g i n a l l y  i n c r e a s e d  by t h e  a d d i t i o n  
o f  t h e  su b s i d y  (System 4 E ,  Table  6 ) ,  because  t h e  mean c rude  p r o t e i n  
c o n t e n t  o f  t h e  p r e s s e d  c r o p  f o r  System 4 was 117g/kg DM. Although 
t h e r e  would be  v a r i a t i o n  i n  t h e  c r u d e  p r o t e i n  c o n t e n t  th rough  t h e  
y e a r ,  it was e s t i m a t e d  t h a t  o n l y  26% o f  t h e  p r e s s e d  c r o p  would 
have been e l i g i b l e  f o r  t h e  subs idy .  Whereas i f  ExR was 0.22 a l l  
t h e  p r e s s e d  c r o p ,  w i t h  a  mean c rude  p r o t e i n  c o n t e n t  o f  156 g/kg DM, 
was e l i g i b l e .  T h i s  had t h e  e f f e c t  o f  r a i s i n g  t h e  r e t u r n  o f  System 
4B from 16% t o  34$,  System 4F i n  Tab le  6. Thus w i t h  t h e  s u b s i d y ,  
ExR had very  l i t t l e  e f f e c t  on t h e  r e t u r n  on c a p i t a l  (compare 
sys tems 4E and 4F i n  Tab le  6 ) .  
Table 6. The e f f e c t  o f  t h e  i n c l u s i o n  o f  t h e  EEC d r i e d  c r o p  subs idy ,  
and v a r i a t i o n  i n  t h e  v a l u e  o f  xan thophy l l  i n  t h e  LPC on 
t h e  income and pe r cen t age  r e t u r n  on s e t -up  c a p i t a l .  
Dried crop Dried pressed crop with returned DPJ 
dried LPC 
System number 1A 4C 4D 4E 4F 
Value of Xanthophyll 
/tonne LPC 
Extraction ra t io  0  0.36 0.36 0.36 0.22 
I n m  
Pressed crop 838 587 587 587 704 
Subsidy 195 4 3  43 4 3  179 
LPC 252 323 556 299 
Subsidy 3  1  31 3  1  16 
m - - Total income Tm 984 1217 1198 
Total costs 848 837 837 837 832 
Prof i t  185 7  6  147 380 366 
Set-up capital  704 1176 1176 1176 1064 
% return on capital  2  6  6  13 3  2  34 
The v a l u e  o f  t h e  x a n t h o p h y l l  c o n t a i n e d  i n  t h e  LPC i s  a l s o  of  
c r u c i a l  impor tance .  I n  Tab le  4 t h i s  v a l u e  was d e r i v e d  from t h e  
c o s t  of  s y n t h e t i c  x a n t h o p h y l l  and it added £193 t o  t h e  v a l u e  of 
one tonne  LPC c a l c u l a t e d  on t h e  b a s i s  o f  ene rgy  and p r o t e i n  a l o n e .  
I n  t h e  U K  x a n t h o p h y l l  i s  r e q u i r e d  t o  c o l o r  t h e  y o l k s  o f  eggs  and 
l e a s t  c o s t  f o r m u l a t i o n  a n a l y s i s  i n d i c a t e d  t h a t  x a n t h o p h y l l  had 
a  much lower  v a l u e  t h a n  t h e  c o s t  of  s y n t h e t i c  x a n t h o p h y l l  because  
d r i e d  g r e e n  c r o p  c o u l d  b e  i n c l u d e d  i n  t h e  r a t i o n  t o  p r o v i d e  
x a n t h o p h y l l .  I t  was e s t i m a t e d  t h a t  f o r  l a y e r ' s  r a t i o n s  t h e  
x a n t h o p h y l l  i n  LPC added o n l y  a b o u t  £45/ tonne  t o  t h e  v a l u e  o f  t h e  
LPC. The f u l l  v a l u e  o f  t h e  x a n t h o p h y l l  i s  o n l y  l i k e l y  t o  b e  
o b t a i n e d  where t h e  LPC i s  f e d  t o  b r o i l e r s  t o  c o l o r  t h e i r  f l e s h .  
The market  e f f e c t  on r e t u r n  on c a p i t a l  o f  v a r y i n g  t h e  v a l u e  of  
x a n t h o p h y l l  i s  i l l u s t r a t e d  i n  Tab le  6 ,  sys tems  4 C ,  4D.and 4E.  
With no s u b s i d y  a s  w e l l  a s  no v a l u e  f o r  t h e  x a n t h o p h y l l  t h e  r e t u r n  
from System 4 was l i t t l e  b e t t e r  t h a n  t r a d i t i o n a l  g r e e n  c r o p  
d r y i n g ,  System 1.  
S e n s i t i v i t y  o f  t h e  Re tu rns  t o  V a r i a t i o n  i n  C o s t  I t e m s  
The major  c o s t  i t e m s  i n  Table  4 a r e  t h o s e  o f  t h e  c r o p  a t  t h e  
f a c t o r y  g a t e ,  t h e  f u e l  and power, and t h e  i n v e s t m e n t  c a p i t a l .  
The c o s t  o f  t h e  c r o p  a t  t h e  f a c t o r y  g a t e  r anged  between 46 
and 56% of  t h e  t o t a l  c o s t s  f o r  t h e  sys tems  i n  T a b l e  4 and a  
r e d u c t i o n  i n  t h i s  c o s t  would have a  major  e f f e c t  on t h e  p r o f i t -  
a b i l i t y  o f  a l l  t h o s e  sys tems .  T h i s  r e d u c t i o n  c o u l d  a r i s e  from 
i n c r e a s e d  DM y i e l d s  o f  t h e  a l f a l f a  c r o p ,  a  r e d u c t i o n  i n  t h e  
a l f a l f a  p r o d u c t i o n  c o s t s  o r  a  g r o s s  margin r e t u r n  t o  t h e  f a r m e r  
lower  t h a n  would b e  a c h i e v e d  from growing b a r l e y .  I t  i s  u n l i k e l y  
t h a t  it would b e  p o s s i b l e  t o  lower  t h e  a l f a l f a  p r o d u c t i o n  c o s t s  
a p p r e c i a b l y  b u t  t h e  consequence  o f  v a r y i n g  t h e  o t h e r  two f a c t o r s  
i s  examined i n  F i g u r e  3A. Varying b o t h  f a c t o r s  had a  v e r y  s i m i l a r  
e f f e c t .  
The p r o p o r t i o n  t h a t  t h e  f u e l  and power c o s t s  w e r e  o f  t h e  t o t a l  
c o s t s  was v e r y  s i m i l a r  f o r  Systems 2 ,  4 and 5  and s u b s t a n t i a l l y  
less t h a n  t h a t  f o r  System 1 .  Thus an  i n c r e a s e  i n  t h e  f u e l  c o s t  
had a  much g r e a t e r  e f f e c t  on t h e  p r o f i t a b i l i t y  o f  System 1 t h a n  
f o r  t h e  o t h e r  t h r e e  sys tems  whose r e l a t i v e  p r o f i t a b i l i t i e s  remained 
unchanged ( F i g u r e  3B) .  The b e n e f i t  o f  r e c y c l i n g  t h e  e x h a u s t  g a s  
t o  e v a p o r a t e  t h e  DPJ was s u b s t a n t i a l .  The f u e l  and power c o s t s  
f o r  System 4 w e r e  21% lower  t h a n  t h o s e  f o r  a  s i m i l a r  sys tem i n  
which t h e  e x h a u s t  g a s e s  w e r e  n o t  r e c y c l e d  t o  t h e  e v a p o r a t o r .  The 
b e n e f i t  was g r e a t e r  w i t h  i n c r e a s i n g  c o s t  of  f u e l .  
The c h a r g e  f o r  t h e  c a p i t a l  i n v e s t e d  i n  t h e  f a c t o r y ,  measured 
by p r o f i t  and r e t u r n  on c a p i t a l ,  c o u l d  be  reduced  by t h e  f o l l o w i n g  
methods. 
1.  An i n c r e a s e  i n  t h e  number o f  weeks t h e  p l a n t  i s  opera -  
t i o n a l  r e s u l t i n g  i n  a  r e d u c t i o n  i n  t h e  overhead c o s t s  p e r  tonne  
p r o c e s s e d .  Lengthening t h e  p r o c e s s i n g  s e a s o n  from 22 t o  30 weeks, 
a n  i n c r e a s e  o f  36$, r a i s e d  t h e  r e t u r n  on c a p i t a l  from 26 t o  43%. 
I t  was assumed t h a t  i n  t h e  a d d i t i o n a l  o p e r a t i o n a l  weeks, c r o p  
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PERCENT CHANGE IN FACTOR 
Figure  3A. The e f f e c t  of  a percen tage  change i n  t h e  va lue  of  
c e r t a i n  f a c t o r s  which r e s u l t s  i n  a p o s i t i v e  change 
i n  t h e  percen tage  r e t u r n  on c a p i t a l  f o r  g reen  c rop  
f r a c t i o n a t i o n ,  System 4 ,  producing d r i e d  pressed  
c rop  wi th  r e t u r n e d  evapora ted  DPJ and d r i e d  LPC. 
The f a c t o r s  a r e  a l f a l f a  DM y i e l d  p e r  h e c t a r e  (DMY), 
f a r m e r ' s  g r o s s  margin pe r  h e c t a r e  ( F G r l ) ,  p o t e n t i a l  
number of o p e r a t i o n a l  weeks p e r  annum (WEEKS) and 
se t -up  c a p i t a l  (CAP). Po in t  A r e p r e s e n t s  ze ro  c o s t  
of  t h e  pu lper  and p r e s s , p o i n t B  p a r t i a l  s h a r i n g  of 
t h e  se t -up  c a p i t a l  w i th  ano the r  p roces s  and p o i n t  C 
a  c a p i t a l  g r a n t  of 33%. 
System 4 
System 5 
syst em 1 
I 1 I 1 
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COST OF N E L  p/ l i t i a  
F i g u r e  3B.  The e f f e c t  of  t h e  c o s t  of  f u e l  on t h e  p r o f i t  ach ieved  
by v a r i o u s  g reen  c rop  dehyd ra t i on  and g r een  c r o p  
f r a c t i o n a t i o n  sys tems.  System 1 i s  conven t i ona l  g r e en  
c r o p  d e h y d r a t i o n  w i t h  g a s  r e c y c l i n g .  System 2 i s  
green  c r o p  d eh y d ra t i on  w i t h  s t e e p i n g  (see t e x t  f o r  
d e t a i l s ) .  System 4 g reen  c r o p  f r a c t i o n a t i o n  p roduc ing  
d r i e d  p r e s s e d  c r o p  w i t h  r e t u r n e d  evapo ra t ed  DPJ and 
d r i e d  LPC. System 4 G ,  a s  System 4 b u t  w i t h  no exhaus t  
g a s e s  r e c y c l e d  from t h e  d r i e r  t o  t h e  e v a p o r a t o r .  
System 5 g r e e n  c r o p  f r a c t i o n a t i o n  p roduc ing  d r i e d  
p r e s s e d  c r o p  d r i e d  LPC and f r e s h  DPJ. C os t  o f  f u e l  
f o r  s t a n d a r d  r u ns  8 p / l i t r e .  
s imi lar  t o  a l f a l f a  would be  a v a i l a b l e .  
2 .  A r e d u c t i o n  i n  t h e  c a p i t a l  c o s t  of  t h e  machinery.  Work 
c u r r e n t l y  i n  p r o g r e s s  a t  Wisconsin U n i v e r s i t y  (4) h o l d s  c o n s i d e r a b l e  
promise o f  a  s u b s t a n t i a l  r e d u c t i o n  i n  t h e  c o s t  of t h e  p u l p e r  and 
p r e s s  b e i n g  r e a l i z e d .  I n  System 4 t h e s e  two i t e m s  o f  equipment  
r e p r e s e n t e d  14% of  t h e  c o s t  of t h e  p l a n t  machinery.  However, 
r e d u c i n g  t h e i r  c o s t  t o  z e r o  o n l y  r a i s e d  t h e  r e t u r n  on c a p i t a l  
from 26 t o  33%;  a r e d u c t i o n  i n  c o s t  o f  t h e s e  i t e m s  of  machinery 
w i l l  o n l y  have a  modest e f f e c t .  
3. A r e d u c t i o n  i n  t h e  s e t - u p  c a p i t a l  c o s t e d  t o  t h e  g r e e n  
c r o p  f r a c t i o n a t i o n  f a c t o r y  by s h a r i n g  a t  l e a s t  some of  t h e  machinery 
and b u i l d i n g s  w i t h  a n o t h e r  p r o c e s s  o p e r a t i n g  o u t s i d e  t h e  a l f a l f a  
p r o c e s s i n g  s e a s o n .  With t h e  assumpt ion  t h a t  25% o f  t h e  p r o c e s s i n g  
machinery c o u l d  be  s h a r e d  w i t h  an  a l t e r n a t i v e  p r o c e s s  and w i t h  t h e  
overhead  c h a r g e  f o r  t h i s  s h a r e d  n a c h i n e r y  and b u i l d i n g s  a l l o c a t e d  
between t h e  two o p e r a t i o n s  t h e n  t h e  r e t u r n  on c a p i t a l  was r a i s e d  
from 26  t o  37%.  The a l k a l i  t r e a t m e n t  o f  s t r a w ,  s u g a r  b e e t  
p r o c e s s i n g  and t h e  w e t  p r o c e s s i n g  o f  cereal g r a i n  m i l l i n g  by- 
p r o d u c t s  have been s u g g e s t e d  as a l t e r n a t i v e  p r o c e s s e s .  
4 .  The r e c e i p t  of  a c a p i t a l  g r a n t .  I t  i s  p o s s i b l e  t h a t  a  
g r e e n  c r o p  f r a c t i o n a t i o n  p l a n t  would b e  e l i g i b l e  f o r  a g r a n t  from 
t h e  EEC under  t h e  A g r i c u l t u r a l  P r o d u c t s  P r o c e s s i n g  and Market ing  
(Improvement G r a n t )  R e g u l a t i o n s  and t h e  t o t a l  g r a n t  would be  up 
t o  33% of t h e  c a p i t a l  i n v e s t e d .  Such a l e v e l  o f  g r a n t  r a i s e d  t h e  
r e t u r n  on c a p i t a l  from 26 t o  45%. 
The e f f e c t s  o f  t h e s e  p o s s i b i l i t i e s  a r e  compared i n  F i g u r e  3A 
where i t  i s  e v i d e n t  t h a t  an  i n c r e a s e  i n  t h e  number of  o p e r a t i o n a l  
weeks  had an  e f f e c t  v e r y  s i m i l a r  t o  a  r e d u c t i o n  i n  t h e  s e t - u p  
c a p i t a l .  
G r e a t e r  emphasis  s h o u l d  be  p l a c e d  upon t h e  r e l a t i v e  d i f f e r -  
e n c e s  between sys tems  t h a n  upon t h e  a b s o l u t e  l e v e l  of  r e t u r n s .  
We c o n s i d e r  t h a t  t h o s e  c o s t  i t e m s  which have a m a r k e t  e f f e c t  on 
t h e  r e l a t i v i t y  o f  t h e  sys tems  have been a d e q u a t e l y  e s t i m a t e d .  
However, c e r t a i n  c o s t s  w e r e  d i f f i c u l t  t o  estimate, such  a s  t h o s e  
f o r  b u i l d i n g s ,  p r o v i s i o n  of  s e r v i c e s  and c r o p  t r a n s p o r t ,  b u t  
v a r i a t i o n  i n  t h e s e t a l t h o u g h  a f f e c t i n g  t h e  a b s o l u t e  rate  o f  r e t u r n ,  
have l i t t l e  e f f e c t  on t h e  r e l a t i v e  d i f f e r e n c e s  between sys tems.  
The p e r c e n t a g e  r e t u r n s  on c a p i t a l  f o r  t h e  sys tems  under  v a r i o u s  
p r i c i n g  s i t u a t i o n s  are summarized i n  Tab le  7 .  I t  s h o u l d  be  
remembered t h a t  t h e s e  r e t u r n s  have t o  c o v e r  t h e  s e t - u p  and working 
c a p i t a l  i n t e r e s t  payments.  
Compared w i t h  c o n v e n t i o n a l  g r e e n  c r o p  d e h y d r a t i o n ,  System 1 ,  
t h e  f u e l  and power economies of Systems 2 ,  4 and 5  w e r e  s i m i l a r  
and s u b s t a n t i a l .  The f u e l  and power c o s t s  f o r  Systems 2 and 4 ,  
t h e  p r o d u c t s  of  which w e r e  a l l  d r i e d ,  w e r e  o n l y  56% of  t h e  f u e l  
and power c o s t s  of System 1 .  U n f o r t u n a t e l y  t h e  s e t - u p  c a p i t a l  
w a s  i n c r e a s e d  by 3 0 %  and 672 r e s p e c t i v e l y .  These d i f f e r e n c e s  
Table  7. The pe r c e n t a ge  r e t u r n  on c a p i t a l  f o r  t h e  sys tems under 
s e l e c t e d  p r i c i n g  s i t u a t i o n s .  
No subsidv Pfus subsidv 
System 1 Conventional green crop dehydration m g  26 
System 2 Green crop dehydration w i t h  steeping 7  2 9 
System 3 Dried pressed crop and coagulated 
juice 
System 4 Dried pressed crop with returned 
evaporated DPJ, and dried LPC 
Xanthophyll E O / t  LeC 
Xanthophyll E45/t LeC 
Xanthophyll E193/t LPC 
System 5 Dried pressed crop, dried LPC and 
fresh DPJ (ExR = 0.36) 
Xanthophyll E O / t  LeC 
Xanthophyll E193/t LeC 
NEG NEG 
3 2 35 
~ ~ ~~ 
l ExR - Extraction rat io.  
i n  s e t - u p  c a p i t a l  t o  a  l a r g e  e x t e n t  nega t e  t h e  advan tages  i n  
f u e l  economy e s p e c i a l l y  when no v a l u e  i s  a t t r i b u t e d  t o  t h e  
xan thophy l l  c o n t e n t  o f  t h e  LPC. 
With no subs idy  payment and t h e  h i g h e s t  v a l u e  p l aced  on 
xan thophy l l  t h e r e  was c o n s i d e r a b l e  advantage  t o  be  ga ined  from 
System 4 r a t h e r  t h a n  from e i t h e r  o f  t h e  c r o p  dehyd ra t i on  sys tems.  
A s  Enochian e t  a 1  (1977) a l s o  c a l c u l a t e d ,  t h e  r e t u r n  on c a p i t a l  
under t h e s e  p r i c e  c i r c ums t a nces  i n c r e a s e d  w i t h  i n c r e a s i n g  E x R  
because  o f  t h e  v a l u e  added by t h e  xan thophy l l  c o n t e n t  o f  t h e  LPC. 
The h i g h e s t  va lue  t h a t  c ou ld  be  a t t r i b u t e d  t o  t h e  xan thophy l l  i n  
t h e  LPC i n  t h e  UK i n  A p r i l  1978 was E193/tonne LPC DPI b u t  a s  
a l r e a d y  a rgued ,  t h e  v a l u e  i n  t h e  UK i s  l i k e l y  t o  be o n l y  around 
E45/tonne LPC DM. A s  a  r e s u l t  t h e  advan tage  o f  System 4 was 
removed and c r o p  d e h y d r a t i o n  w i t h  s t e e p i n g ,  System 2 ,  was 
m a r g i n a l l y  more a t t r a c t i v e .  
With a  s u b s i d y  e q u i v a l e n t  t o  t h a t  r e c e i v e d  by p r o d u c e r s  i n  t h e  
EEC and  t h e  h i g h e s t  v a l u e  o f  x a n t h o p h y l l  t h e  a a v a n t a g e  o f  Sys tem 
4 o v e r  Sys tem 1 w a s  much d i m i n i s h e d .  With x a n t h o p h y l l  v a l u e d  a t  
£45 / tonne  LPC DM, c r o p  d e h y d r a t i o n  w a s  a g a i n  a more a t t r a c t i v e  
p r o p o s i t i o n .  
The r e s u l t s  f o r  Sys tem 1 and  System 4 - w i t h  a  s u b s i d y ,  no 
v a l u e  a t t r i b u t e d  t o  t h e  x a n t h o p h y l l  and  a n  ExR o f  0.22 - may b e  
compared w i t h  t h e  s y s t e m s  p r o d u c i n g  s i m i l a r  p r o d u c t s  f rom o u r  
p r e v i o u s  s t u d y  (1977a ,  1 9 7 7 b ) .  The d i f f e r e n c e s  i n  r e t u r n  o n  
c a p i t a l  be tween  t h e  two s y s t e m s  are r e m a r k a b l y  s i m i l a r ,  a l t h o u g h  
somewhat s m a l l e r  i n  t h i s  s t u d y .  T h i s  is  i n  s p i t e  o f  a n  i n c r e a s e  
i n  t h i s  s t u d y  o f  t h e  s u b s i d y  payment f rom E4.5/ tonne t o  £19 .5 / tonne  DM. 
DM. T h i s  i n c r e a s e  w a s  compensa ted  f o r  by a much g r e a t e r  estimate 
o f  c a p i t a l  r e q u i r e m e n t s  and  a  smaller i n c r e a s e  i n  p r o d u c t  p r i c e s  
compared w i t k L  t h e  i n c r e a s e  i n  c o s t s  s i n c e  1975.  
The r e t u r n s  on  c a p i t a l  r e p o r t e d  b y  Enoch ian  e t  a l .  (1977)  
w e r e  much g r e a t e r  t h a n  t h e  c o r r e s p o n d i n g  f i g u r e s  r e p o r t e d  h e r e ,  
i n  s p i t e  o f  t h e i r  i n c l u s i o n  o f  c a p i t a l  i n t e r e s t c h a r g e s .  The 
p r i n c i p a l  r e a s o n  f o r  t h e  d i f f e r e n c e  w a s  t h a t  t h e y  assumed t h a t  
t h e i r  p l a n t  would o p e r a t e  t o  c a p a c i t y  t h r o u g h o u t  t h e  p r o c e s s i n g  
s e a s o n ,  w h i l s t  t h i s  s t u d y  h a s  assumed s u b s t a n t i a l  s e a s o n a l i t y  i n  
f r e s h  c r o p  s u p p l y  r e s u l t i n g  i n  a  p o t e n t i a l  c a p a c i t y  156% g r e a t e r  
t h a n  t h a t  r e q u i r e d  t o  p r o c e s s  t h e  a v e r a g e  d a i l y  p r o d u c t i o n .  Thus 
t h e  o v e r h e a d  c h a r g e s  i n  t h e  USA s t u d y  (Enoch ian  e t  a l . ,  1977)  were 
s p r e a d  o v e r  a much g r e a t e r  t h r o u g h p u t  r e s u l t i n g  i n  improved r e t u r n s  
on  c a p i t a l .  W e  b e l i e v e  t h a t  it would n o t  b e  p o s s i b l e  t o  a r r a n g e  
f o r  a n  even  f l o w  o f  c r o p  t o  t h e  f a c t o r y  t h r o u g h o u t  t h e  p r o c e s s i n g  
s e a s o n .  I n  a d d i t i o n  t h e  costs o f  c r o p  and  e n e r g y  were r e l a t i v e l y  
much c h e a p e r  and  t h e  d e p r e c i a t i o n  p e r i o d s  l o n g e r  i n  t h e  USA s t u d y ,  
a l l  o f  which  c o n t r i b u t e d  t o  t h e  h i g h e r  r e t u r n s .  
Sys tem 3 p r o d u c i n g  d r i e d  p r e s s e d  c r o p  a n d  c o a g u l a t e d  j u i c e  
compared f a v o r a b l y  w i t h  Sys t ems  1  and 2,  a n d  w i t h  Sys tem 4 or  5 
where  no v a l u e  was a t t r i b u t e d  t o  x a n t h o p h y l l .  The c o a g u l a t e d  
j u i c e  c a n  o n l y  b e  f e d  t o  p i g s  a n d  t h e  o u t p u t  f rom a f a c t o r y  
p r o c e s s i n g  1 0 k t  a l f a l f a  DM p e r  annurn would s u p p l y  s u f f i c i e n t  
j u i c e  (ExR = 0.22+ d u r i n g  a 22 week p r o c e s s i n g  s e a s o n  f o r  t h e  
d a i l y  r e q u i r e m e n t s  o f  24 ,000  p i g s  w i t h  a mean w e i g h t  o f  80 kg  
( c a l c u l a t e d  f rom Braude  e t  a l . ,  1977:47-55) .  T h i s  s y s t e m  would 
o n l y  b e  a t t r a c t i v e  i n  r e g i o n s  o f  t h e  w o r l d  w i t h  l a r g e - s c a l e  p i g  
e n t e r p r i s e s .  
Our r e s u l t s  d e m o n s t r a t e  t h a t  t h e  a t t r a c t i v e n e s s  o f  g r e e n  c r o p  
f r a c t i o n a t i o n  Sys tem 4 o v e r  Sys tem 1  o r  2  i s  e n t i r e l y  d e p e n d e n t  
upon t h e  v a l u e  o f  x a n t h o p h y l l  i n  t h e  LPC and  w h e t h e r  a s u b s i d y  
payment i s  p a i d .  I n  t h e  a b s e n c e  o f  a  h i g h  v a l u e  b e i n g  a t t r i b u t e d  
t o t h e  x a n t h o p h y l l  i n  t h e  LPC, t h e  p r o s p e c t s  i n  t h e  U K  f o r  t h e  
l a r g e - s c a l e  commerc i a l  e x p l o i t a t i o n  o f  g r e e n  c r o p  f r a c t i o n a t i o n  
t o  p r o d u c e  a n i m a l  f e e d s  are n o t  e n c o u r a g i n g .  
SUMMARY 
A t h e o r e t i c a l  model has  been cons t ruc t ed  i n  which income, 
c o s t s  and r e t u r n  on se t -up  c a p i t a l  have been c a l c u l a t e d  f o r  f a c t o r y  
s c a l e  systems of  green c r o p  dehydra t ion  and green c rop  f r a c t i o n a t i o n .  
The r e t u r n s  from t h e s e  systems a r e  compared and t h e  s e n s i t i v i t y  
of t h e  r e s u l t s  t o  v a r i a t i o n  i n  p roduc t  income, p roduc t  y i e l d  and 
c e r t a i n  c o s t  i t ems  i s  analyzed.  S u b s t a n t i a l  f u e l  economy can be 
achieved by adop t ing  a  modified green c r o p  dehydra t ion  system 
invo lv ing  p re t r ea tmen t  of  t h e  c rop  p r i o r  t o  d ry ing  and by systems 
of  green c rop  f r a c t i o n a t i o n .  The r e t u r n  on se t -up  c a p i t a l  achieved 
by systems of green c r o p  f r a c t i o n a t i o n  producing l e a f  p r o t e i n  
c o n c e n t r a t e  i s  p a r t i c u l a r l y  s e n s i t i v e  t o  t h e  va lue  of  t h e  pigment 
xanthophyl l .  I t  i s  concluded t h a t  wi thout  a h igh  va lue  being 
a t t r i b u t e d  t o  t h e  xan thophyl l  t h e  p r o s p e c t s  f o r  t h e  commercial 
e x p l o i t a t i o n  of  green c r o p  f r a c t i o n a t i o n  t o  produce animal f eeds  
i n  t h e  United Kingdom a r e  n o t  encouraging a t  p r e s e n t .  
Un modsle th6orique a 6t6 construit, consistant 2 calculer 
le revenu, les cocts et les profits d'un capital pour un grand 
nombre de systsmes de fractionement de plantes fourragsres placgs 
dans des situations 6conomiques trss diverses. Les systsmes 
varient des productions simples de jus coagul6 pour l'alimentation 
des porcs et de fourrages fraechement press6s pour l'alimentation 
des ruminants, aux proc6d6s de fabrication sophistiqu6s produisant 
des concentr6s de prot6ines de feuilles sgch6es et des plantes 
fourragsres s6ch6es auxquelles sont ajoutges du jus d6prot6inis6. 
Ce travail examine en dgtail le rgsultats consid6r6s comrne gtant 
possibles de certains de ces systsmes ngcessitant des proc6d6s de 
fabrication annuels de l'ordre d'au moins 10 kt de matisre s6ch6e. 
Ces rgsultats sont compargs avec ceux calcul6s pour le sgchage 
conventionnel de plantes fourrag&res utilisant divers proc6d6s 
de rgutilisation de la chaleur. 
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PROTEIN AND FAT RECOVERY FROM 
FOOD PROCESS EFFLUENTS 
R.A. Grant 
Waste e f f l u e n t s  from meat, p o u l t r y  and f i s h  p roces s ing  p l a n t s  
con ta in  l a r g e  amounts of p r o t e i n  and f a t  and u s u a l l y  have much 
h igher  va lues  of  biochemical  oxygen demand (B .O.D. )  than town 
sewage. Such e f f l u e n t s  are h igh ly  p o l l u t i n g  and can impose heavy 
loads  on p u b l i c  sewage t r ea tmen t  works. 
It  h a s  been e s t ima ted  t h a t  between 2 and 5% o f  t h e  t o t a l  
ca rcase  p r 0 t e i n . i ~  l o s t  i n  t h e  e f f l u e n t s  from a b a t t o i r s  and 
pou l t ry  p roces s ing  p l a n t s .  I n  t h e  U.K.  t h i s  amounts t o  t e n s  of 
thousands of tonnes  pe r  annum wi th  a  p o t e n t i a l  va lue  a t  p r e s e n t  
i n  t h e  r eg ion  o f  £ 2 0 0  p e r  tonne,  f o r  t h e  world a s  a whole, t h i s  
l o s s  needs t o  be m u l t i p l i e d  by a  f a c t o r  of  about  100. A t  t h e  
p r e s e n t  t i m e  when world popu la t ion  i s  i n c r e a s i n g  r a p i d l y  and 
o u t s t r i p p i n g  food produc t ion  i n  many a r e a s  such a  wastage is  hard 
t o  j u s t i f y  i f  t h e  means of p reven t ing  it a r e  a v a i l a b l e .  
Conventional  b i o l o g i c a l  e f f l u e n t  t r ea tmen t  p l a n t s  s u f f e r  
from t h e  i n h e r e n t  d i sadvantage  t h a t  p o t e n t i a l l y  va luab le  m a t e r i a l s  
such a s  p r o t e i n  and f a t  a r e  degraded t o  u s e l e s s  s ludge  which i n  
i t s e l f  p r e s e n t s  a d i s p o s a l  problem. On t h e  o t h e r  hand, i n  t h e  
case of  physico-chemical t r ea tmen t  p l a n t s  des igned t o  recover  f a t  
and p r o t e i n  t h e  revenue from t h e  s a l e  o r  r e c y c l i n g  of  by-products 
can be used t o  de f r ay  e i t h e r  i n  whole o r  p a r t ,  t h e  c a p i t a l  and 
running c o s t s  of t h e  p l a n t .  
I n  t h e  p a s t ,  va r ious  p roces ses  have been proposed invo lv ing  
t h e  use  of  chemical  p r e c i p i t a n t s  t o  remove p r o t e i n  from s o l u t i o n .  
These have u s u a l l y  employed t o x i c  compounds such a s  i r o n  s a l t s  
which r e s u l t s  i n  t h e  p r e c i p i t a t e d  p r o t e i n  be ing  u s e l e s s  f o r  
n u t r i t i o n a l  purposes .  The Aquapure process  a l l c w s  t h e  recovery 
of  p r o t e i n  i n  a  complete ly  non-toxic form s u i t a b l e  f o r  f eed ing  
t o  both  domestic and farm animals .  
E f f l u e n t  Trea tment  
The p r o c e s s  c o n s i s t s  e s s e n t i a l l y  o f  a f l o c c u l a t i o n  r e a c t i o n  
whereby s o l u b l e  p r o t e i n  t o g e t h e r  w i t h  i n s o l u b l e  suspended p r o t e i n  
p a r t i c l e s  i s  removed from t h e  e f f l u e n t ,  t h e  f l o c  e n t r a p s  f a t  
g l o b u l e s  which a r e  removed s i m u l t a n e o u s l y  w i t h  t h e  p r o t e i n .  The 
f l o c c u l a t e d  p r o t e i n  p l u s  f a t  is s e p a r a t e d  from t h e  e f f l u e n t  by 
a i r  f l o t a t i o n  and skimming i n  t h e  form o f  a s l u d g e  c o n t a i n i n g  
up t o  a b o u t  15% t o t a l  s o l i d s .  The r e l a t i v e  amounts o f  p r o t e i n  
and f a t  i n  t h e  s e p a r a t e d  s l u d g e  are dependent  on  t h e  compos i t ion  
o f  t h e  e f f l u e n t .  I n  g e n e r a l ,  t h e  p r o t e i n / f a t  r a t i o  i s  h i g h e r  i n  
t h e  case o f  s l a u g h t e r h o u s e  e f f l u e n t s  t h a n  f o r  p o u l t r y  p r o c e s s i n g  
e f f l u e n t s .  Where t h e  e f f l u e n t  c o n t a i n s  e x c e p t i o n a l l y  l a r g e  
q u a n t i t i e s  o f  f a t  as i n  t h e  case o f  cook ing  and bone d e g r e a s i n g  
e f f l u e n t s  t h e  b u l k  o f  t h e  f a t  may b e  r e c o v e r e d  i n  a s e p a r a t e  a i r  
f l o t a t i o n  s t a g e .  I t  h a s  been found from a n a l y t i c a l  s t u d i e s  on a 
l a r g e  number o f  e f f l u e n t s  t h a t  t h e  B.O.D.  and C.O.D. (chemica l  
oxygen demand) l e v e l s  c a n  b e  reduced by a b o u t  70-90% o f  t h e  
i n i t i a l  v a l u e  w i t h  v i r t u a l l y  comple te  removal  o f  f a t  and suspended 
s o l i d s .  
By-Products 
The p r o t e i n  c o n t e n t  o f  a t y p i c a l  s l a u g h t e r h o u s e  e f f l u e n t  by- 
p r o d u c t  i s  g i v e n  i n  T a b l e  1 .  O t h e r  samples  o f  r e c o v e r e d  m e a t  
works e f f l u e n t  p r o t e i n  were ana lyzed  f o r  amino a c i d s  and t h e  
r e s u l t s  ( T a b l e  2 )  are compared w i t h  v a r i o u s  r e f e r e n c e  p r o t e i n s .  
The amino a c i d s  w e r e  found t o  b e  q u i t e  e v e n l y  d i s t r i b u t e d  w i t h  
no major  d e f i c i e n c i e s .  The c o n t e n t s  o f  e s s e n t i a l  amino a c i d s  i n  
two specimens  are shown i n  Tab le  3 compared w i t h  t h e  FA0 
recommendation f o r  human n u t r i t i o n ,  a p a r t  from t r y p t o p h a n  which 
w a s  n o t  d e t e r m i n e d ,  t h e  e s s e n t i a l  amino a c i d  c o n t e n t  appeared  
adequa te .  A s imi l a r  a n a l y s i s  f o r  amino a c i d s  w a s  c a r r i e d  o u t  on 
a sample of  p r o t e i n  r e c o v e r e d  from p o u l t r y  p r o c e s s i n g  e f f l u e n t  
( T a b l e  4 ) .  I n  c e r t a i n  i n s t a n c e s ,  as i n  t h e  c a s e  o f  e f f l u e n t s  from 
cooking and r e n d e r i n g  o p e r a t i o n s  t h e  e f f l u e n t  may c o n t a i n  f a t  which 
i s  f i r m l y  complexedwith  p r o t e i n  i n  a d d i t i o n  t o  f r e e  and 
e m u l s i f i e d  f a t .  Even w i t h  a s e p a r a t e  f a t  r e c o v e r y  s t a g e  t h e  by- 
p r o d u c t s  from such  e f f l u e n t s  u s u a l l y  have a  low p r o t e i n / f a t  r a t i o .  
However, t h e  p r e s e n c e  o f  f a t  does  n o t  appear  t o  i m p a i r  t h e  v a l u e  
of  t h e  p r o t e i n  as a n  an imal  f e e d .  
The n u t r i t i o n a l  v a l u e  o f  r e c o v e r e d  m e a t  works e f f l u e n t  p r o t e i n  
w a s  de te rmined  i n  a s t a n d a r d  f e e d i n g  t r i a l  on c h i c k s .  The b a s a l  
r a t i o n  c o n s i s t e d  of  wheatmeal,  maizemeal,  b a r l e y ,  l u c e r n e  and 
s a l t s  and c o n t a i n e d  13% o f  p r o t e i n .  T h i s  comprised  50% of  t h e  
d i e t  and c o n t r i b u t e d  6.5% p r o t e i n .  The remainder  o f  t h e  d i e t  
c o n s i s t e d  of  s u g a r  and s u f f i c i e n t  c a s e i n ,  m e a t m e a l ,  f i s h m e a l  o r  
e f f l u e n t  p r o t e i n  t o  c o n t r i b u t e  a f u r t h e r  6.5% pf p r o t e i n .  The 
r e l a t i v e  growth ra tes ,  f e e d  consumption and f e e d  e f f i c i e n c i e s  a r e  
shown i n  Tab le  5. The 280 c h i c k s  used  w e r e  c r o s s b r e d  WL/AO 
c o c k e r e l s  randomized i n  g roups  o f  14. The r a t i o  o f  f e e d  consump- 
t i o n  t o  we igh t  g a i n  shown i n  Tab le  5  i s  a measure o f  t h e  
e f f i c i e n c y  o f  t h e  f e e d .  The d r i e d  e f f l u e n t  p r o t e i n  w a s  approx- 
i m a t e l y  e q u a l  t o  t h e  meat meals and c a s e i n  i n  n u t r i t i o n a l  v a l u e ,  
Table 1. Cbmposition of by-products recovered from slaughterhouse 
effluent. 
Batch No. 1 2 3 4 5 6 Means 
- - -  - 
Nitrogen 10.5 11.0 11.3 11.5 11.5 10.6 11.1 
Protein 65.5 68.0 70.5 72.0 72.0 65.5 68.9 
Total Organics 74.5 78.3 77.6 77.4 76.2 72.7 76.1 
Ash 21.8 17.7 18.5 19.1 20.0 23.6 20.1 
Moisture 3.7 4.0 3.9 3.5 3.8 3.7 3.8 
Table 2. Amino acid composition of recovered solids from meat 
works effluent (g amino acid/l6 g nitrogen) 
I 
Amino Acid Recovered Solids 
Fraction 
A B 
Lysine 
Histidine 
Arginine 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Half-cystine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Ammonia 
Reference proteins 
8.8 8.5 9.1 9.1 10.0 8.5 
3.9 5.9 2.9 8.0 3.3 3.2 
4.4 4.7 7.8 3.9 5.8 4.2 
14.3 9.4 11.9 9.8 10.3 7.0 
7.9 4.5 7.3 5.6 12.6 4.5 
7.7 5.7 12.5 5.5 18.2 6.8 
19.3 10.0 15.0 8.1 14.2 23.0 
6.6 3.2 5.3 4.7 5.5 13.1 
5.5 3.5 5.4 5.3 2.0 2.1 
8.8 6.8 4.0 9.8 3.3 
trace trace 3.8 1.0-'2.2 7.0 0.8 
11.0 8.2 5.6 9.0 7.5 7.7 
2.8 3.2 2.6 1.3 4.0 3.5 
5.5 4.1 5.6 0.2 3.4 7.5 
17.1 15.0 7.1 14.4 10.1 10.0 
5.5 3.2 6.0 2.9 5.5 6.4 
9.9 7.9 4.5 7.8 5.2 6.3 
- 1.1 - - - - 
Fibrin Serum proteins 
Haemo- 
globins Casein 
- 7 9  - 
Table  3 .  E s s e n t i a l  amino a c i d s  ( g  amino a c i d / l 6  g  n i t r o g e n ) .  
Amino Acid FAO* Egg Fraction Casein 
Isoleucine 4.2 6.8 5.5 4.1 7.5 
Leucine 4.8 9.0 17.1 15 .O 10.0 
Lysine 4.2 6.3 8.8 8.5 8.5 
Phenylalanine 2.8 6.0 9.9 7.9 6.3 
Tyrosine 2.8 4.4 5.5 3.2 6.4 
Threonine 2.8 5.0 7.9 4.5 4.5 
Tryptophan 1.4 1.7 - - - 
Valine 4.2 7.4 11.0 8.2 7.7 
Sulphur containing: 
Total 4.2 5.4 2.8 3.2 4.3 
Methionine 2.2 3.1 2.8 3.2 3.5 
*Food and Agricultural Organization 'provisional pattern' of 
e s ~ e n t i a l  amino a c i d s  f o r  human nutrition; Rome, 1957. 
Table  4 .  Amino a c i d  a n a l y s i s  o f  p r o t e i n  r e c o v e r e d  from p o u l t r y  
p r o c e s s i n g  p l a n t  e f f l u e n t  (umoles/100 urnoles) .  
Aspartic acid 
Serine 
Proline 
Alanine 
Val ine 
Isoleucine 
Tyrosine 
Lysine 
Arginine 
Threonine 5.1 
Glutamic acid 11.5 
Glycine 6.9 
Cystine (half) 1.2 
Methionine 1.5 
Leucine 9.1 
Phenylalanine 3.8 
Histidine 2.3 
Tryptophan not estimated. 
T a b l e  5. Chick growth,  food consumption and f e e d  e f f i c i e n c y  o f  
exper iment  r a t i o n s .  
Body weight  Food Feed 
g a i n / c h i c k  consumption/  consumption ( g )  / 
c h i c k  
1 - 4  weeks 1 - 4  weeks we igh t  g a i n  
Refe rence  r a t i o n  
( c a s e i n )  
Mm 4 1  
Mb 43 
Mb 4 4  
Mm 45 
Mb 46 
Mm 47 
Grass  p r o t e i n  
Fishmeal  6  
E f f l u e n t  p r o t e i n  
MSD 5% 
Tab le  6 .  P i g  t r i a l  r a t i o n s  and r e s u l t s .  
Whey C o n t r o l  E f f l u e n t  
By-Product 
B a r l e y  42.0 
Maize 41.75 
Meatmeal ( 6 0 % )  11 .0  
Whey Mix (13 .4%)  - 
Trace  N u t r i e n t s  0 .25  
Steamed Bone F l o u r  - 
E f f l u e n t  By P r o d u c t  5 .0  
100.0  
Es t ima ted  T o t a l  
P r o t e i n  96 17 .0  
R e s u l t s  
O r i g i n a l  l i v e w e i g h t  
(kg ) 1 4 . 0  1 4 . 4  
68 t r i a l  d a y s  
l i v e w e i g h t  (kg)  39.5 33.4 
68 day g a i n  (kg)  25.5 19 .0  
Average d a i l y  
g a i n  (kg)  0.38 0.28 
s l i g h t l y  i n f e r i o r  t o  f i shmea l  b u t  s u p e r i o r  t o  t h e  meat and bone 
meal and p r o t e i n  e x t r a c t e d  from g r a s s  which w e r e  t e s t e d  a t  t h e  
same t i m e .  I t  i s  e v i d e n t  t h a t  t h e  e f f l u e n t  p r o t e i n  cou ld  be  used 
a s  a  c o n c e n t r a t e  f o r  p o u l t r y  p roduc t i on .  There was no ev idence  
o f  t o x i c  s i d e  e f f e c t s  which cou ld  be a t t r i b u t e d  t o  t h e  recovery  
p roces s .  Samples t e s t e d  b a c t e r i o l o g i c a l l y  had low t o t a l  coun t s  
and w e r e  n e g a t i v e  f o r  c o l i f o r m  organisms.  
A f u r t h e r  f e e d i n g  t r i a l  on t h e  e f f l u e n t  p r o t e i n  was c a r r i e d  
o u t  u s i n g  p i g s .  The composi t ion o f  t h e  expe r imen ta l  r a t i o n s  and 
t h e  r e s u l t s  o b t a i n e d  a r e  shown i n  Tab le  6 .  A s a t i s f a c t o r y  growth 
r a t e  was o b t a i n e d  ove r  6 8  days ,  when t h e  d i e t  i nc luded  e f f l u e n t  
p r o t e i n  a t  t h e  5% l e v e l .  
Ion Exchange 
I n  c a s e s  where t h e  f l o c c u l a t i o n / a i r  f l o t a t i o n  p roces s  does  
n o t  reduce  t h e  p o l l u t i o n  l e v e l  s u f f i c i e n t l y  f o r  d i s c h a r g e  t h e  
q u a l i t y  o f  t h e  e f f l u e n t  may be improved by f u r t h e r  t r e a t m e n t  w i th  
novel  i o n  exchange r e s i n s 1 .  These a r e  d e r i v e d  from c r o s s l i n k e d  
r egene ra t ed  c e l l u l o s e  by t h e  i n t r o d u c t i o n  o f  an ion  o r  c a t i o n  
exchange groups .  The r e s i n s  a r e  g r a n u l a r  i n  form and can  be  
produced i n  a  r ange  of  p a r t i c l e  s i z e s .  They have markedly 
s u p e r i o r  h y d r a u l i c  p r o p e r t i e s  and p h y s i c a l  s t a b i l i t y  compared 
w i th  i o n  exchangers  based on f i b r o u s  c e l l u l o s e  which have 
h i t h e r t o  been employed f o r  p r o t e i n  a b s o r p t i o n .  Convent ional  
condensa t ion  o r  s y n t h e t i c  polymer i o n  exchange r e s i n s  have 
n e g l i g i b l e  c a p a c i t i e s  f o r  p r o t e i n  whereas t h e  new r e s i n s  have 
c a p a c i t i e s  o f  t h e  o r d e r  o f  0.59 p r o t e i n  p e r  g  d r y  r e s i n .  These 
r e s i n s  have been e v a l u a t e d  i n t a r i o u s  a p p l i c a t i o n s  r ang ing  from 
l a b o r a t o r y  s c a l e  enzyme p roduc t i on  t o  e f f l u e n t  and wa te r  t r e a t m e n t  
and may be used i n  conven t iona l  t ype  i o n  exchange p l a n t s .  For  
e f f l u e n t  t r e a t m e n t  t h e  weakly b a s i c ,  d i e thy l aminoe thy l  form has  
been found most a p p l i c a b l e  a l t hough  o t h e r  t y p e s  a r e  a v a i l a b l e .  
Adsorbed p r o t e i n  is  r e a d i l y  desorbed by washing t h e  r e s i n  w i th  
a l k a l i n e  b r i n e  (1 -2% NaOH + 3 - 5% NaC1). P r o t e i n  may be 
recovered  from t h e  s p e n t  r e g e n e r a n t  s o l u t i o n  by n e u t r a l i s i n g  t o  
about  pH 4.5 fo l lowed  by h e a t  c o a g u l a t i o n .  The coagu la t ed  
i n s o l u b l e  p r o t e i n  i s  r e a d i l y  dewatered by mechanical  means p r i o r  
t o  d ry ing .  P r o t e i n  s l u d g e  from t h e  f l o c c u l a t i o n / a i r  f l o t a t i o n  
s t a g e  may b e  s i m i l a r l y  h e a t  coagu la t ed  and dewatered b e f o r e  d ry ing .  
S ince  t h e  i o n  exchange r e s i n s  can be made s e l e c t i v e  f o r  i n d i v i d u a l  
p r b t e i n s ,  t hey  a r e  p a r t i c u l a r l y  u s e f u l  f o r  r ecove r ing  h igh  v a l u e  
p r o t e i n s  such a s  bovine  serum albumin,  gamma g l o b u l i n  and enzymes 
i n  a  pure  s t a t e .  
A p p l i c a t i o n s  
Reduction i n  t h e  B.O.D. and C.O.D.  l e v e l s  o b t a i n e d  w i t h  
s l augh te rhouse  e f f l u e n t s  a r e  g iven  i n  Tab l e s  7 and 8.  The b e s t  
r e s u l t s  from t h e  p o i n t  o f  view o f  e f f l u e n t  q u a l i t y  w e r e  o b t a i n e d  
u s ing  t h e  combined p roces s .  However, t h e r e  is  g r e a t  v a r i a b i l i t y  
i n  t h e  s t r e n g t h  and composi t ion o f  e f f l u e n t s  from d i f f e r e n t  p l a n t s  
and a l s o  i n  t h e  consen t  c o n d i t i o n s  l a i d  down by l o c a l  wa t e r  
Table 7, Residual BOD ( X )  in treated slaughterhouse effluent. 
Sample 
Treatment 1 2 5 Means 
Flocculation 38 41 31 2 3 27 32 
Ion exchange 10 13 2 3 19 18 17 
Flocculation+ 
ion exchange -* 5 12 7 -* 5 
-* Value too low for measurement by standard method. 
Table 8. Residual COD ( X )  in slaughterhouse effluent after 
treatment. 
- 
Sample 
Treatment 1 2 
- 
3 4 5  6 7 Means 
Flocculation 19 40 31 37 35 31 31 
Ion exchange 18 31 31 28 25 27 15 
Flocculation+ 
ion exchange -* 14 9 22 -* 11 -* 
-* value too low for estimation by standard method 
Table 9. Reduction of chemical oxygen demand and by-product 
yields for poultry processing effluents. 
Specimen No. 1 2 3 
Chemical Oxygen demand 1; 6050 
2 1150 
X reduction in COD 
By-product yield g/L 
1 1 and 2l - before and after treatment 
a u t h o r i t i e s  f o r  d i s c h a r g e  t o  sewers, s o  t h a t ,  depending on 
c i r c u m s t a n c e s  e i t h e r  t h e  f i r s t  s t a g e  o n l y  o r  b o t h  s t a g e s  may be 
employed. I n  some c a s e s  it may be p r e f e r a b l e  t o  r e c o v e r  f a t  and 
p r o t e i n  s e p a r a t e l y .  T a b l e  9 shows t h e  C.O.D.  r e d u c t i o n s  o b t a i n e d  
w i t h  p o u l t r y  p r o c e s s i n g  e f f l u e n t s  t o g e t h e r  w i t h  t h e  y i e l d s  o f  
d r i e d  by-product  f o r  d i f f e r e n t  e f f l u e n t  s t r e n g t h s .  I n  t h e  c a s e  
of  a  f i s h  p r o c e s s i n g  e f f l u e n t  t h e  C.O.D.  l e v e l  was reduced by 
90% u s i n g  t h e  f l o c c u l a t i o n  p r o c e s s  o n l y  w i t h  a  d r y  p r o d u c t  y i e l d  
of  2  g/L. Although,  i n  g e n e r a l ,  t h e  c o n c e n t r a t i o n s  of  p r o t e i n  
found i n  e f f l u e n t s  a r e  r e l a t i v e l y  low, r a n g i n g  from 1000-2000 
p.p.m. on a v e r a g e ,  s i n c e  l a r g e  volumes a r e  i n v o l v e d  t h e  u l t i m a t e  
y i e l d  o f  by-product  may be  c o n s i d e r a b l e .  For  example,  a t  1000 
p.p.m. a y i e l d  o f  a b o u t  1  t o n n e  p e r  m i l l i o n  l i t r e s  ( 4 . 5  t o n n e s  
p e r  m i l l i o n  g a l l o n )  would be o b t a i n e d .  
Vege tab le  Wastes 
Vege tab le  p r o c e s s i n g  e f f l u e n t s  may a l s o  c o n t a i n  s i g n i f i c a n t  
amounts o f  p r o t e i n  which can  be r e c o v e r e d  by s u i t a b l e  chemico- 
p h y s i c a l  t r e a t m e n t  f o r  u s e  i n  animal  o r  human n u t r i t i o n .  I t  h a s  
been found p o s s i b l e  t o  r e c o v e r  t h e  s o l u b l e  p r o t e i n  from r ice 
s t a r c h  f a c t o r y  e f f l u e n t  by f l o c c u l a t i o n  and a i r  f l o t a t i o n  i n  a  
y i e l d  amounting t o  a b o u t  5% o f  t h e  we igh t  o f  t h e  r ice  p r o c e s s e d .  
S i n c e  t h e  p o s s i b i l i t y  o f  c o n t a m i n a t i o n  w i t h  e x c r e t a  o r  p a t h o g e n i c  
organisms does  n o t  a r i s e  i n  t h i s  c a s e ,  t h e  p r o d u c t  w i l l  be 
s u i t a b l e  f o r  human consumption and have a  r e l a t i v e l y  h igh  v a l u e .  
I n  t h e  c a s e  o f  t h e  palm o i l  i n d u s t r y  v a s t  q u a n t i t i e s  o f  
c e n t r i f u g a t i o n  s l u d g e  and s t e r i l i z e r  c o n d e n s a t e  a r e  produced 
hav ing  e x t r e m e l y  h i g h  B . O . D .  v a l u e s  i n  ' t h e  r e g i o n  o f  30,000. 
By means o f  f l o c c u l a t i o n  fo l lowed  by c e n t r i f u g i n g  o r  a i r  f l o t a t i o n  
and d r y i n g  a  p r o d u c t  c o n t a i n i n g  a b o u t  12% p r o t e i n  and 80% low 
g r a d e  c a r b o h y d r a t e  was o b t a i n e d  i n  a  y i e l d  o f  a b o u t  4 %  W/V and 
p o s s i b l y  u s e f u l  a s  a  ruminant  f e e d .  T h i s  t r e a t m e n t  r e d u c e s  t h e  
B.O.D.  l e v e l  by a b o u t  75% w i t h  v i r t u a l l y  comple te  removal o f  
r e s i d u a l  o i l  and suspended s o l i d s .  
Economics 
From t h e  economic p o i n t  of  view r a p i d l y  e s c a l a t i n g  c o s t s  o f  
w a t e r ,  e f f l u e n t  d i s p o s a l  and an imal  f e e d  p r o t e i n  a r e  making t h e  
c a s e  f o r  p r o t e i n  r e c o v e r y  much more a t t r a c t i v e .  I n  t e r m s  o f  
p l a n t  s i z e ,  t h e  new sys tem i s  c o n s i d e r a b l y  more compact t h a n  
c o n v e n t i o n a l  sewage t y p e  o f  b i o l o g i c a l  t r e a t m e n t  p l a n t s  and 
compares f a v o r a b l y  i n  t e r m s  o f  c a p i t a l  and r u n n i n g  c o s t s .  The 
c o s t s  o f  b i o l o g i c a l  t r e a t m e n t s  have been e v a l u a t e d  by c h i p p e r f i e l d :  
H e  concluded t h a t  t h e  e v i d e n c e  c a s t s  c o n s i d e r a b l e  doub t  upon t h e  
t r a d i t i o n a l  view t h a t  b i o d e g r a d a b l e  i n d u s t r i a l  w a s t e s  a r e  most 
e f f e c t i v e l y  and c h e a p l y  t r e a t e d  a t  l o c a l  sewage works. The 
e v i d e n c e  s u g g e s t s  t h a t  l i q u i d  w a s t e s  s h o u l d  b e  t r e a t e d  a t  s o u r c e .  
The p o s s i b i l i t y  of  reuse o f  w a t e r  s h o u l d  a l s o  be  c o n s i d e r e d  
c a r e f u l l y  i n  view of r a p i d l y  i n c r e a s i n g  w a t e r  c o s t s .  
The question of disposal of industrial effluents with 
domestic sewage and the related costs have also been reviewed by 
calvert3. He estimated the cost at 10-25P/1000 gallons in 1970, 
however this figure has increased considerably since then and at 
present one may quote a cost per 1000 gallons for a poultry 
processing effluent with a C.O.D. value of 4,000 of 99P and for 
a meat works effluent with a C.O.D. of 2000 of 65P/1000 gallons. 
The same author also states that biological treatment on site is 
not always desirable and the fact that it may appear economical 
may be a fallacy of the Mogden formula. 
In view of the foregoing it now appears that a very strong 
case can be made for physico-chemical effluent treatment on site 
in the food industry with by-product recovery to offset capital 
and running costs. This appears to apply particularly in the 
case of meat and poultry works effluents. 
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THE AEROBIC TREATlilENT OF WASTE WATER 
FROM LIVESTOCK PRODUCTION UNITS AND 
THE PRODUCTION OF MICROBIAL BIOMASSES 
M. Ringpfeil and K. Kehr 
THE PROBLEM 
Over the last few decades, farm livestock production has 
undergone major changes. These included large concentrations 
of animals at single places and the introduction of industrial 
methods in animal production. Thus, conditions were provided 
for increasing the rate of meat production with a substantial 
saving in manpower. A negative aspect of this development is 
that waste disposal requires additional technical efforts causing 
considerable capital and operating costs. This is true especially 
for hog production which is not usually dependent upon the 
availability of farmland, thus permitting large concentrations 
of livestock and, simultaneously, making difficult the disposal 
of wastes. 
The results of a systems analysis of hog production 
and scientific and technological studies has given rise to 
suggestions that processes combining the microbial production of 
protein-enriched biomass for feeding purposes with the purification 
of liquid wastes from livestock production units be used. The process 
has been investigated on a laboratory scale. Pilot scale 
experiments, economic feasibility studies, and feeding trials 
are planned for the further development of this process. It 
seems advisable that PAG and IUPAC examine their recommendations 
for nutritional and safety aspects with respect to these novel 
protein sources of animal feeding in order to validate this new 
type of biomass production. 
The process should be ready for commercialization when the 
pilot plant studies and economic considerations based on these 
studies have proved its technical reliability and economic 
efficiency and feeding trials have shown that the biomass produced 
is safe. The time until commercialization can be started 
will depend on the time required for the feeding trials. These 
trials will take about five years from the time when representative 
samples are first available. 
The principles underlying this process are not limited to 
hog wastes but can also be applied* to other wastes suitable for 
biomass production. 
An Example 
In the German Democratic Republic there are concentrations 
in swine breeding allowing for an annual production of 200,000 
animals for slaughter in one factory. At such places no more 
than approximately one fifth of the waste produced can be used 
in the neighboring farmland. The output of liquid waste to be 
treated is, on average, as high as 3,000 m3/d. 
Previously, the methods used were similar to those employed 
in the treatment of municipal and industrial sewage. Suitable 
degrees of purification could be obtained by a sequence of 
aerations directed towards decomposing carbon compounds and 
converting nitrogen from the reduced form into the oxidized form 
and, finally, into molecular nitrogen. This particular approach 
has the advantage of eliminating adverse effects on the envi- 
ronment, provided, of course, a limited agricultural area is 
available for year-round overhead irrigation using partially 
purified waste water. 
This new development aims at rationalizing this multi-staged 
process and at combining sewage purification with the production 
of microbial biomass. 
The New Process 
Urine and faeces from the livestock production unit are 
washed away into collecting tanks. Solids are separated by a 
sieving process and may be used as fertilizer and as raw material 
for microbial conversions. The remaining sewage contains 
dissolved and finely suspended matter from the excreta of hogs. 
Following intermediate storage, it is subjected to aerobic 
fermentation. The majority of the dissolved and suspended 
materials are converted into biomass, carbon dioxide and water. 
The output of biomass may be substantially increased by adding 
an additional carbon source during fermentation. 
The biomass produced is subsequently concentrated by the 
use of separators. The aqueous residue is used for the irrigation 
of farmland. The biomass-containing part is chemically and 
thermally treated in special apparatus and is subsequently dried 
or directly used for feed preparations (Figure 1) . 
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Figure 1. Flow scheme of the combined sewage treatment biomass 
production process. 
It is during the storage of the diluted waste prior to 
aerobic fermentation that significant changes take place in the 
composition of the organic matter. About sixty to seventy 
percent of the carbon-containing substances are transformed into 
lower fatty acids. More than fifty percent of the organic 
nitrogen is converted into ammonia due to uncontrolled anaerobic 
microbial action. 
At every stage of its anaerobic conversion the aqueous 
urine-faeces mixture contains smaller amounts of organic carbon 
(C) than are required for the aerobic microbial conversion of 
the entire nitrogen (N) ,  phosphorus (P) , and potassium (K) into 
biomass. Adding organic substances results in a more complete 
conversion of the inorganic matter. Complete conversion will 
occur in those cases where the C:N:P:K ratio of the substrate 
is equivalent to that of the biomass with regard to the necessary 
conversion of carbon into carbon dioxide. The amount of 
potassium in waste water is, in general, such that the proper 
adjustment of the ratio by the addition of carbon, nitrogen, and 
phosphorus is virtually impossible. 
Nitrogen may be utilized almost completely providing carbon 
and some phosphorus are added. If phosphorus is added in the 
form of phosphoric acid, then it will be possible for an acid 
pH value to be maintained during fermentation. This mode of 
adjusting the C:N:P:K ratio of the substrate was chosen. 
Methanol proved to be a suitable source of additional carbon. 
It is available in large quantities. It is a concentrated carbon 
source for use in fermentation. It is easily transportable and 
not too expensive. However, other organic substances may also 
be used. Glucose is a model substance because of its potential 
availability from agricultural sources. 
Fermentations of sewage and sewage supplemented by glucose 
were most successful at neutral pH values with the application 
of neutrophilic microorganisms. The fermentation of sewage 
supplemented by methanol could be carried out advantageously at 
acidic pH values with the application of acidophilic microorganisms. 
A suitable acidophilic methanol-assimilating bacterium called 
MB 58 was isolated and used for inoculation of the methanol- 
enriched sewage. 
Acidophilic bacteria offer a number of advantages especially 
in those cases where it is intended to use biomass produced for 
feeding purposes. 
Compared with fermentations at neutral pH values, the 
proportion of components of microbial cultures grown under 
acidic conditions changed significantly. More than eighty percent 
of the culture corresponds to the strain of inoculated. micro- 
organisms (Figure 2) . 
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Figure 2. Quantitative distribution of microorganisms in feedlot 
waste effluents after different types of aerobic 
fermentation 
Consequently, the properties of the biomass produced will 
come close to those of the pure culture of this strain (Table 1). 
The acid pH value prevailing during fermentation causes the 
majority of inorganic ions to remain in solution so that the 
separated biomass contains only a low percentage of inorganic 
matter (Table 1) . 
Table  1 .  Chemical composi t ion o f  biomasses d e r i v e d  from 
d i f f e r e n t  f e rmen ta t i on  systems 
Under a c i d i c  c o n d i t i o n s  t h e  growth o f  pa thogen ic  micro- 
organisms is s t r o n g l y  i n h i b i t e d .  
I n  c o n t r a s t ,  t h e  growth o f  microorganisms which decompose 
t h e  o r g a n i c  m a t t e r  o f  t h e  sewage i s  n o t  i n h i b i t e d  under t h e s e  
c o n d i t i o n s  a s  i s  appa ran t  from t h e  d e s e e  of.  p u r i f i c a t i o n  
ach ieved  (Table  2 )  . 
feedlot wuste 1 efi/uenf I (90- MW 50-500 1MD-IZDo lf2000-60000 1 
fermented mfh 
m e ) W  addition 40 - 20 400 - 800 2000 - 5000 
Table  2 .  N u t r i e n t  l o a d i n g  of  f e e d l o t  was te  e f f l u e n t s  b e f o r e  and 
a f t e r  f e r m e n t a t i o n  
Moreover, it i s  even p o s s i b l e  t o  accomplish a  h i g h e r  degree  
of  p u r i f i c a t i o n  i n  a s  l i t t l e  a s  one t e n t h  of  t h e  t i m e  r e q u i r e d  
f o r  t h e  conven t iona l  t h r e e - s t a g e  p roces s .  The l a t t e r  t a k e s  from 
50 t o  70 h ,  whereas f e r m e n t a t i o n  i n  t h e  a c i d i c  pH range may be  
completed i n  5  t o  7  h.  
A s  a  r e s u l t ,  t h e  a e r a t i o n  volume w i l l  a l s o  b e  reduced 
cons ide rab ly .  
Convent ional  s e p a r a t o r s  a r e  used f o r  t h e  s e p a r a t i o n  o f  ce l l s .  
A s  i n  t h e  c a s e  o f  conven t iona l  sewage p u r i f i c a t i o n ,  t h e  remaining 
aqueous phase s t i l l  ha s  r e s i d u a l s  of bo th  o r g a n i c  and i n o r g a n i c  
m a t t e r ,  s o  t h a t  it cannot  u s u a l l y  be  d i s cha rged  i n t o  r i v e r s  o r  
other natural bodies of water (Table 2 ) .  However, the amount of 
residuals provide for year-round overhead irrigation of neigh- 
boring farmland. An even further reduction in the content of 
organic matter would still require purified water to be used for 
spray irrigation because it is not possible to completely remove 
potassium by biological processes. 
As far as chemical parameters are concerned, the quality 
of the biomass produced by acidic fermentation of methanol- 
enriched sewage is comparable with that of the microbial biomass 
produced by well-known industrial processes using pure raw 
materials. Of course, the composition of the microorganisms 
derived from the new process is not homogeneous (Figure 2 ) .  To 
make this biomass suitable for use as a fodder ingredient it is 
necessary to provide for a method of radical destruction of cells 
in the process. For this, high-temperature short-time alkalini 
zation was chosen. This causes destruction of the cell walls. 
Following this treatment, it was no longer possible for living 
cells to be found in the suspension. 
The destruction of cell walls also results in an increase 
of digestibility of the biomass. 
The conditions selected for the chemical-thermal operation 
did not result in a significant decrease of essential amino acids 
in the biomass (Table 3). 
1 Amino acid 1 cj per 46 cj N 
I I 
after 
procedure I before 
Th-eonine 
Me fhicnine 
C sfer'ne 
Jorine 
Leucl ne. 
IS o (emne 
L sine 
d;5 hdine 
Table 3. Changes in the content of essential amino acids during 
the high-temperature short-time alkalinization 
To date, it has not been possible to obtain any results 
regarding questions of chronic toxicity and other long-term factors. 
Range of  App l i ca t i on  and Advantages o f  t h e  Process  
The p roces s  developed seems t o  be s u i t a b l e  f o r  u s e  i n  
l i v e s t o c k  p roduc t i on  u n i t s  i n  which t h e  o u t p u t  o f  was te  wa te r  i s  
g r e a t e r  t h a n  1,000 m3/d and where p a r t i a l l y  p u r i f i e d  sewage can 
be used f o r  year-round s p r a y  i r r i g a t i o n  o f  ne ighbo r ing  farmland.  
An a d d i t i o n a l  carbon s o u r c e  may be chosen i n  accordance w i t h  
l o c a l  c o n d i t i o n s .  The q u a n t i t y  t o  be used may be  v a r i e d  w i t h i n  
l i m i t s .  However, use  o f  t h e  p u r i f i e d  sewage f o r  overhead 
i r r i g a t i o n  shou ld  n o t  be  r e s t r i c t e d  by an i n c r e a s e  i n  nonconverted 
n i t r o g e n ,  no r  shou ld  an  i n c r e a s e d  h e t e r o g e n e i t y  o f  o rgan ismal  
composi t ion o f  t h e  biomass be  a l lowed t o  d e t r a c t  from t h e  q u a l i t y .  
A rough comparison o f  i n d u s t r i a l  swine p roduc t i on  i n c l u d i n g  
sewage p u r i f i c a t i o n  by conven t iona l  means and by u se  of t h e  new 
p roces s  showed ( F i g u r e  3 )  t h a t  t h e  l a t t e r  would s ave  c o s t s  by 
combining sewage p u r i f i c a t i o n  and biomass p roduc t i on  ( C  compared 
t o  B" + C ' ) .  The c o s t  o f  raw m a t e r i a l s  ( A  compared t o  A ' ) ,  and 
t h e  purchase  o f  p r o t e i n  f e e d s t u f f s  ( B  compared t o  B ' ) ,  would a l s o  
b e  lower .  
F igu re  3. Convent ional  and proposed s c e n a r i o s  o f  i n d u s t r i a l  
swine p roduc t i on  
U s e  of  t h e  new p r o c e s s  w i l l  even a l l o w  biomass t o  be s u p p l i e d  
t o  o t h e r  consumers. 
The a r e a  o f  ne ighbo r ing  farmland t o  which t h e  p u r i f i e d  sewage 
i s  a p p l i e d  by s p r i n k l i n g  may be  s m a l l e r  t h a n  i n  t h e  c a s e  where 
conventional processes are used due to a lower content of 
residual organic and inorganic matter. 
The process is performed continuously under conditions which 
tend to diminish the effects of unavoidable variations in waste 
composition upon the qualities of biomass and sprinkling water. 
The industrial nature of the process provides for continuous 
control of the biomass quality. 
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A SURVEY OF THE LATEST TECHNOLOGIES 
OF FOOD PRODUCTION FROM BY-PRODUCTS 
AND WASTES 
Bohuslav Vencl 
E x i s t i n g  p r o j e c t i o n s  on world popu la t ion  and food supply 
sugges t  t h a t  a n - - i n c r e a s e  i n  t h e  d e f i c i e n c y  of t h e  raw m a t e r i a l s  
c u r r e n t l y  used i n  c o n c e n t r a t e  f e e d s  i n  systems of animal p roduc t ion  
i s  l i k e l y  t o  deve lop  i n  t h e  f o r s e e a b l e  f u t u r e .  Th i s  d e f i c i t  i s  
probable  because t h e  world popu la t ion  w i l l  i n c r e a s e  more r a p i d l y  
than  t h e  produc t ion . .o f  food c rops .  W e  have t o  t r y  t o  make up 
t h i s  d e f i c i t  by improving t h e  u t i l i z a t i o n  of raw m a t e r i a l s  and by 
upgrading o t h e r  r e s o u r c e s  c u r r e n t l y  cons idered  u n s u i t a b l e .  The 
r e s i d u e s  from c e r e a l s  and o t h e r  c r o p s ,  f o r e s t  p roduc t s  and animal 
was tes  a r e  examples of  a l t e r n a t i v e  sou rces  a v a i l a b l e  i n  r e l a t i v e l y  
ample supply (Bur t ,  1973) . 
By-products and was te  m a t e r i a l s  may b e  d e f i n e d  a s  s u b s i d i a r y  
components l e f t  over  from t h e  produc t ion  of main p roduc t s  i n  
a g r i c u l t u r e .  The u s e  of t h e s e  f o r  f eed  produc t ion ,  which i s  t h e  
t o p i c  of t h i s  a r t i c l e ,  is  a s a t i s f a c t o r y  way of  i n c r e a s i n g  feed  
r e s o u r c e s  and a d i r e c t  method of supply ing  food t o  t h e  human 
popu la t ion .  By l i n k i n g  waste  p roduc t s  t o  methods of u t i l i z i n g  
subs t ances  environmental  p o l l u t i o n  can a l s o  be reduced.  I t  is  
u s u a l l y  neces sa ry  t o  improve t h e i r  poor q u a l i t y  and t r ans fo rm 
n u t r i e n t s  which can  be u t i l i z e d  by animals  f o r  f eed .  There a r e  
p h y s i c a l ,  chemical  and b i o l o g i c a l  ways of ach iev ing  t h i s  purpose.  
THE PRETREATMENT AND USE OF LIGNOCELLULOSIC MATERIALS 
L i g n o c e l l u l o s i c  m a t e r i a l s  c o n t a i n  70-8C% carbohydra tes ,  
most ly  i n  t h e  form of c e l l  w a l l  po lysaccha r ides  and a r e  a p o t e n t i a l  
source  of d i e t a r y  energy f o r  ruminants .  The amount of  c e l l u l o s e  
waste  from c r o p  produc t ion  and i n d u s t r i a l  p roces ses  i s  es t ima ted  
t o  be  100 000 m i l .  tons/annum by Dyer e t  a l .  (1  975) . However, 
b e f o r e  such ca rbohydra t e s  can be  e x t e n s i v e l y  d i g e s t e d  i n  t h e  rumen 
it i s  n e c e s s a r y  t o  p r e t r e a t  t h e s e  e s p e c i a l l y  woody m a t e r i a l s .  
Trea tments  have i n c l u d ed  d e l i g n i f y i n g  a g e n t s ,  b a l l  m i l l i n g ,  
l i q u i d  ammonia and sodium hydrox ide ,  which i n c r e a s e  t h e  d i g e s t i -  
b i l i t y  of  o r g a n i c  m a t t e r  i n  t h e  rumen. The t r e a t m e n t s  may b e  
grouped a c co r d i n g  t o  Dekker and Richards  (1973) under two head ings :  
t r e a t m e n t s  aimed a t  t h e  d e g r a d a t i o n  o f  l i g n i n  (which i s  t hough t  
t o  p r o t e c t  p o l y s a c c h a r i d e s  from d i g e s t i o n )  and o t h e r  t r e a t m e n t s  
which change t h e  c r y s t a l  s t r u c t u r e  o f  c e l l u l o s e ,  t h u s  i n c r e a s i n g  
i t s  s w e l l i n g  c a p a c i t y  i n  ag_ueous s o l u t i o n s  and p r o v i d i n g  g r e a t e r  
a c c e s s i b i l i t y  t o  t h e  rumen microorganisms and t h e i r  a s s o c i a t e d  
enzymes. 
The C o n d i t i o n i n g  and U s e  o f  L i g n o c e l l u l o s e  from t h e  P r o c e s s i n g  
of  Wood M a t t e r  
Wood matter c o n s t i t u t e s  t h e  r i c h e s t  s o u r c e  o f  l i g n o c e l l u l o s e .  
70-75% of  t h e  volume of  wood i s  composed of  p o l y s a c c h a r i d e s .  A s  
s e e n  from FA0 d a t a ,  1,350 m i l l i o n  t o n s  o f  wood r e p r e s e n t e d  t h e  
t o t a l  wor ld  wood o u t p u t  i n  1962. Twenty p e r  c e n t  o f  t h i s  amount 
i s  waste .  The p o l y s a c c h a r i d e s  o f  wood a r e  bound w i t h  l i g n i n .  I f  
t h e  d i g e s t i b i l i t y  of  l i g n o c e l l u l o s e  m a t e r i a l s  i s  t o  be i n c r e a s e d  
and t h e  m a t e r i a l s  a r e  t o  be used i n  animal  n u t r i t i o n ,  t h e  l i g n i n -  
s a c c h a r i d e  bond, p a r t i c u l a r l y  t h e  s t r u c t u r a l  p o l y s a c c h a r i d e s  of  
c e l l  w a l l s ,  must be  d e s t r o y e d  by a l k a l i n e  o r  a c i d  h y d r o l y s i s  o r  
by m i c r o b i a l  c e l l u l a s e s .  
The chemical  .compos-ition . o f .  wood. and . s t r a w  ( Z) 
sp ruce  beech s t r a w  
sawdust  sawdust  
l i g n i n  
c e l l u l o s e  
h e m i c e l l u l o s e  
p e n t o s a n s  
a s h  1 2 6  
n i t r o g e n  0.1 0 .15  0 . 3  
e x t r a c t i v e  s u b s t a n c e s  2 3  1 . 5  
The d i g e s t i b i l i t y  of  d i f f e r e n t  l i g n o c e l l u l o s i c  m a t e r i a l s  ( % )  
l i g n i n  d i g e s t i b i l i t y  
c e l l u l o s e  
s t r a w  
beech sawdust  24 3-5 
s p r u c e  sawdust  30 0-2 
Other  m a t e r i a l s  need t o  h e  hydro lyzed  b e f o r e  b e i n g  c o n s i d e r e d  
a s  food f o r  a n i m a l s .  I t  s h o u l d  be  n o t e d ,  f o r  i n s t a n c e ,  t h a t  p e a t  
r e d u c e s  t h e  a v a i l a b i l i t y  o f  f e e d  r a t i o n  n u t r i e n t s  (Vencl ,  1977) .  
The d i g e s t i b i l i t y  o f  beech sawdust ,  c o n d i t i o n e d  by h y d r o l y s i s  
w i t h  1% H2S04 a t  1 0 0 - 1 3 0 ' ~  f o r  2 h o u r s ,  was o n l y  a t  a  l e v e l  o f  
3.54%. F u r t h e r  h y d r o l y s i s  w i t h  3% n i t r i c  a c i d  f o r  anokher two 
h o u r s  a t  1 0 0 ' ~  which i n c r e a s e d d i g e s t i b i l i t y  t o  61.64%. De-f ibred  
beech sawdust ,  hydro lyzed  w i t h  2% a c e t i c  a c i d  a t  a  t e m p e r a t u r e  o f  
8 5 ' ~  and p r e s s u r e  o f  1.2 MPa f o r  10 min. had a d i g e s t i b i l i t y  o f  
43.98% ( t h e  d i g e s t i b i l i t y  o f  uncond i t ioned  beech c h i p s ,  by 
compar ison,  was 5.61 - ( J a l c  e t  a l . ,  1 9 7 9 ) .  The hydro the rmic  
c o n d i t i o n i n g  o f  beech  sawdust  w i t h  sodium s u l p h i t e  i n c r e a s e d  t h e  
n u t r i t i v e  v a l u e  o f  sawdust .  D i g e s t i b i l i t y  o f  o r g a n i c  m a t t e r  
i n c r e a s e d  t o  50%. H y d r o l y s i s  w i t h  NaOH gave good r e s u l t s  f o r  
s t r a w  c o n d i t i o n i n g ,  
L i t t l e  i n c r e a s e  i n  t h e  d i g e s t i b i l i t y  o f  sawdust  was o b t a i n e d  
by b a l l - m i l l i n g  o r  s t e a m  t r e a t m e n t  w i t h  N H 4 0 H  s o l u t i o n s .  T r e a t -  
ments  w i t h  t h e  NaOH d r y  method i n  which a c o n c e n t r a t e d  a l k a l i  
s o l u t i o n  i s  employed t o  p r e v e n t l o s s  o f  s o l u b l e  compounds o f  
n u t r i t i o n a l  v a l u e ,  fo l lowed  by b a l l - m i l l i n g ,  showed a c o n s i d e r a b l e  
i n c r e a s e  i n  d i g e s t i b i l i t y .  Using a wood t o  NaOH r a t i o  o f  10: l  
(by w e i g h t ) ,  t h e  a p p a r e n t  d i g e s t i b i l i t y  o f  t h e  o r g a n i c  m a t t e r  o f  
beech was i n c r e a s e d  from 5 t o  50, o f  oak  from 14-42. The o r g a n i c  
m a t t e r  d i g e s t i b i l i t y  o f  coarse-ground s t r a w ,  w i t h o u t  b a l l - m i l l i n g ,  
was i n c r e a s e d  from 46 t o  82 ( H a r t l e y  and King, 1973) .  
Wood w a s t e  c a n  be s u b j e c t e d  t o  comple te  h y r o l y s i s  i n  o r d e r  
t o  produce  s a c c h a r i d e s .  B e s i d e s  h e m i c e l l u l o s e s ,  c e l l u l o s e  i s  a l s o  
hydro lyzed  and t h e  end p r o d u c t  i s  g l u c o s e .  The t r e a t m e n t  o f  
h y d r o l y z a t e s f r o m  1 t o n  of  wood m a t t e r  c a n  produce:  
180 l i t r e s  o f  e t h y l  a l c o h o l  
1.5 l i t r e s  o f  methyl  a l c o h o l  
2 kg. o f  a c e t i c  a c i d  
22 kg. o f  f u r a l  
1.5 kg. t e r p e n t i n e  and 
50 kg. o f  f o d d e r  y e a s t s  
I t  i s  t h o u g h t  t h a t  a  r e d u c t i o n  by a  t h i r d  o f  t h e  l i g n i n  c o n t e n t  
i n  h a r d  wood, and by t w o - t h i r d s  of  s o f t  wood l i g n i n  c o n t e n t ,  can  
i n c r e a s e  d i g e s t i b i l i t y  by a s  much a s  60%. However, a v a i l a b l e  
methods of  c o n d i t i o n i n g  a r e  t o o  c o s t l y .  T h e r e f o r e ,  wider  u s e  can  
be  expec ted  i n  t h e  by-products  o f  t h e  paper-and-pulp i n d u s t r y  
where d e l i g n i f i c a t i o n  a l r e a d y  b e g i n s  d u r i n g  wood p r o c e s s i n g  when 
t h e  n a i n  p r o d u c t  i s  manufactured .  
wood p r o c e s s i n g  i n  p u l p  m i l l s  l e a v e s  l a r g e  amounts o f  l i q u i d  
was te  which,  i f  n o t  used  a s  raw m a t e r i a l  f o r  f u r t h e r  p r o d u c t s ,  
p o l l u t e s  w a t e r  s o u r c e s .  A f t e r  t h i c k e n i n g  t h e s e  wastes c o n t a i n  
37% p e n t o s e s  and hexoses .  U s e  o f  t h e s e  wood m o l a s s e s  i s  s i m i l a r  
t o  t h a t  o f  cane  molasses .  I f  u r e a  i s  added,  it can  b e  f e d  t o  
ruminan t s .  Wood molasses  c o n t a i n  50.5 TDN, whereas c a n e  molasses  
c o n t a i n  53-60.5 TDN. 
F i b r e  i s  g e n e r a t e d  a s  a  was te  p r o d u c t  o f  s u l p h a t e  p u l p  
manufacture .  T h i s  f i b r e  c a n  be  s e p a r a t e d  m e c h a n i c a l l y .  I t  c o n t a i n s  
a b o u t  40% p u r e  c e l l u l o s e  w i t h  a  h i g h e r  e n e r g e t i c  v a l u e  t h a n  t h a t  
o f  meadow hay.  
The U s e  of  Wood P r o c e s s i n g  Waste f o r  t h e  S y n t h e s i s  o f  M i c r o b i a l  
P r o t e i n  
L i q u i d  w a s t e  e x t r a c t s  which c a r r y  away 50% o f  wood matter 
a r e  g e n e r a t e d  d u r i n g  t h e  p r o d u c t i o n  of  c e l l u l o s e  by t h e  s u l p h i t e  
method. They a r e  t r a d i t i o n a l l y  used  i n  t h e  p r o d u c t i o n  of e t h a n o l .  
Alcohol  i s  s e p a r a t e d  by d i s t i l l a t i o n  and t h e  s u l p h i t e  s t i l l a g e  i s  
mixed w i t h  t h e  washing w a t e r s  from t h e  p r o d u c t i o n  o f  p u l p ,  and 
f o d d e r  y e a s t s  a r e  produced by subsequen t  f e r m e n t a t i o n  (T .  u t i l i s ,  
0. l a c t i s )  . With e a c h  100 kg. o f  c e l l u l o s e  produced,  0.9-1.2 m3 
o f  e x t r a c t  c o n t a i n i n g  57 kg l i g n i n  and 198 kg  s a c c h a r i d e s ,  i s  
g e n e r a t e d .  The s u l p h i t e  e x t r a c t  c o n t a i n s  9-19% d r y  m a t t e r ,  10-20% 
o f  a s h  and o r g a n i c  matter, i n c l u d i n g  l i g n o s u l p h o n i c  a c i d  o r  
c a l c i u m  l i g n o - s u l p h o n a t e ,  and r e d u c i n g  s u b s t a n c e s  ( p e n t o s e s ,  h e x o s e s ) .  
S a c c h a r i d e  c o n t e n t  i n  wood upon h y d r o l y s i s  ( 7 4 )  
Spruce  Beech 
Arabinose  
Glucose  
G a l a c t o s e  
Manose 
F r u c t o s e  
Hexoses a r e  used  i n  a l c o h o l  f e r m e n t a t i o n ,  t h e  remain ing  
p e n t o s e s  a r e  used  f o r  t h e  p r o d u c t i o n  of  y e a s t  p r o t e i n .  I n  t h i s  
way r i v e r  p o l l u t i o n  i s  reduced  and b i o l o g i c a l  oxygen demand 
d e c r e a s e s  by 30% i n  t h e  p r o d u c t i o n  o f  a l c o h o l  from s u l p h i t e  l e a c h e s .  
I n  t h e  p r o d u c t i o n  o f  y e a s t s  t h e  b i o l o g i c a l  oxygen demand d e c r e a s e s  
by abou t  60% and t h e  u t i l i z a t i o n  o f  wood m a t t e r  i s  t h u s  i n c r e a s e d  
The i n c r e a s e d  p r o d u c t i on  of  s y n t h e t i c  e t h a n o l  s t i m u l a t e s  
t h e  p r o c e s s i n g  o f  s u l p h i t e  e x t r a c t s  e s p e c i a l l y  f o r  p roduc t i on  o f  
y e a s t  p r o t e i n .  Besides t h e  t r a d i t i o n a l  ca lc ium b i s u l p h i t e  method 
of  c e l l u l o s e  p r o d u c t i o n ,  na t r i um and magnesium b i - s u l p h i t e  methods 
a r e  b e i ng  i n t r o d u ced .  The e x t r a c t s  gene ra t ed  by t h e s e  new techno- 
l o g i e s  can  be used r e a d i l y  f o r  t h e  m i c r o b i a l  p roduc t i on  o f  p r o t e i n .  
When a l k a l i n e  h y d r o l y s i s  i s  used,  t h e  s u l p h a t e  e x t r a c t s  c o n t a i n  
mainly  hydroxy a c i d s .  A f t e r  an ad ju s tmen t  of  t h e  pH v a l u e ,  
removal o f  l i g n i n  and d i l u t i o n  w i t h  w a t e r ,  t h e  y i e l d  was 40-50% 
when C. t r o p i c a l i s  c u l t u r e  was used (Sandula  e t  a l . ,  1979 ) .  
C u l t u r e s  o f  C. u t i l i s  and C. a r b o r a  were s u i t a b l e  f o r  c u l t i v a t i o n  
on beech wood e x t r a c t s .  Good r e s u l t s  w e r e  o b t a i n e d  from t h e  
t e c h n o l o g i c a l  p r o c e s s  i n  which s y n t h e t i c  e t h a n o l  was added t o  t h e  
s u l p h i t e  e x t r a c t s .  The s u l p h i t e - e t h a n o l  y e a s t s  were found t o  have 
a  h i g h e r  b i o l o g i c a l  v a l u e  o f  p r o t e i n  (69.4)  t h a n  s u l p h i t e  y e a s t s  
(65.8)  (simecek, 1 9 7 1 ) .  I f  t h e  b i o l o g i c a l  v a l u e  o f  y e a s t  p r o t e i n  
i s  t o  be i n c r e a s e d ,  y e a s t s  shou ld  be f o r t i f i e d  by an a d d i t i o n  o f  
0.5% of  s y n t h e t i c  DL meth ion ine  and 400 llcg o f  v i t a m i n  B I 2 .  I t  
is  recommended t h a t  4 %  y e a s t s  admixture  be added t o  f e e d  r a t i o n s  
(Hudsky, Bar tosova ,  1980) .  
S t raw Co n d i t i o n i n g  Technology 
The low d i g e s t i b i l i t y  o f  s t r a w  i s  a  r e s u l t  o f  t h e  i n c r u s t a t i o n  
o f  c e l l u l o s e  by l i g n i n  and s i l i c a t e s .  The a l k a l i n e  o r  o x i d a t i v e  
method can b e  a p p l i e d  f o r  d e l i g n i f i c a t i o n  and t h e  removal o f  
s i l i c a t e s .  The u s e  o f  a c i d s  i s  n o t  s u i t a b l e ,  because  s i l i c i c  
a c i d  i s  n o t  r e l e a s e d  and pen to sans  t r a n s f o r m  i n t o  f u r f u r a l .  
Methods o f  improving t h e  n u t r i t i v e  vdl-ue o f  c e r e a l  s t r a w  
have aimed a t  overcomins  low i n t a k e  and low d i g e s t i b i l i t y .  
O r i g i n a l l y  t h e s e  methods (Beckmann, 1921) i nvo lved  soak ing  s t r a w  
i n  a  d i l u t e d  s o l u t i o n  o f  sodium hydrox ide ,  i n  o r d e r  t o  r a i s e  t h e  
d i g e s t i b i l i t y  from 40 t o  6 5 % .  T h i s  method was labor-consuming 
and r e q u i r e d  l a r g e  q u a n t i t i e s  of wa t e r  f o r  n e u t r a l i s a t i o n .  Wilson 
and Pigden (1964) d e s c r i b e d  a  d ry  p r o c e s s  i n  which hammer-milled 
s t r a w  was mixed w i t h  o n l y  a  sma l l  volume o f  c o n c e n t r a t e d  NaOH 
s o l u t i o n ,  which was t h e n  n e u t r a l i z e d  w i t h  an o r g a n i c  a c i d .  A l k a l i  
t r e a t e d  s t r a w  may be  f e d  w i t h o u t  n e u t r a l i z a t i o n ,  w i t h  s i l a g e .  
Swollen c e l l u l o s e  is  more e a s i l y  p e n e t r a t e d  by rumen f l u i d  and 
t h i s  would account  f o r  t h e  g r e a t e r  d i g e s t i b i l i t y  of  c e l l u l o s e  from 
t r e a t e d  roughage.  Sodium hydroxide  p robab ly  hydro lyzes  such ester 
l i n k a g e s  which would a l s o  c o n t r i b u t e  t o  t h e  h i g h e r  d i g e s t i b i l i t y  
o f  a l k a l i  t r e a t e d  s t r a w .  The i n c r e a s e d  d i g e s t i b i l i t y  o f  t r e a t e d  
a s  opposed t o  u n t r e a t e d  roughage i s  a  r e s u l t  o f  s o l u b i l i z a t i o n  
by a l k a l i  and is  shown i n  t h e  a d d i t i o n a l  amount a c t u a l l y  d i g e s t e d  
by t h e  animal.  
Theze i s  a  l . i n e a r  i n c r e a s e  i n  d i g e s t i b i l k y  w i t h  i n c r e a s i n g  
amounts o f  a l k a l i  up t o  'a l e v e l  o f  abou t -  10 g .  ~~aOH/100 g. s t r a w  
and a  l e v e l l i n g  o f f  t h e r e a f t e r .  L a rge r  i n c r e a s e s  i n  d i g e s t i b i l i t y  
v a l u e s  w e r e  ach i ev ed  when roughage was p r e s s u r e  cooked w i t h  
a l k a l i  s o l u t i o n s .  D i g e s t i b i l i t y  and v o l u n t a r y  i n t a k e  i n c r e a s e d  
up t o  a  l e v e l  o f  3-6  g.  NaOH/100 g  s t r a w  ( Jackson ,  1977) .  Rexen 
and Thomsen (1976) proposed f a c t o r y - s c a l e  t r e a t m e n t  o f  s t r a w  u s i n g  
the NaOH spray treatment process. 
The "Technology of Nutritionally Improved Straw" proposed 
by Silcock, Ltd. (United Kingdom) includes plant chopping, drying, 
when necessary, grinding and spraying of straw with 4.5-5% NaOH, 
and extruding (Cuthbert et a!. . , 1978) . 
The treatment of straw with NH3 results in an increase in 
digestibility for ruminants. The advantage of NH3 over NaOH is 
that undesirable excess chemicals evaporate freely into the air. 
Ammonia, bound to the straw during the reaction, can serve as 
a source of nitrogen for microbial protein synthesis in the rumen. 
Maximum digestibility could be obtained e.g. with 2.6% NH3, at a 
temperature of 6 2 ' ~  and a 4-day incubation period (Waagepetersen 
Thomsen, 1977). In Europe, 8 weeks and a rate of 3.5 kg NH3/100 kg. 
straw is recommended (Sundstol et al., 1977). Dry matter 
digestibility is in this case increased by 17%. During pelleting 
of wheat straw, after 2% urea has been added, digestibility 
improved by only 8%. In Czechoslovakia 5-10 1 of ammonia water 
(25%) per 100 kg. of straw is used. A disadvantage of the NH3 
method used and described is that about 2/3 of the ammonia used 
remains unchanged and this represents a waste of valuable NH3. 
Microbial Decomposition of Lignocellulose Materials 
Besides the chemical hydrolysis of lignocellulose materials, 
decomposition by microbial cellulase can also be applied. One 
ton of straw can yield 250 to 300 kg. saccharides from which up 
to 125-150 kg. of dry yeasts can be obtained. 
Bauer et al. (1979) used mutants of T. viride with increased 
production of cellulolyticenzymes for the decomposition of straw. 
Upon hydrolysis, cultivation was effected with the yeast strains 
of C. utilis and T. bovina. Upon the chemical hydrolysis of straw, 
with the addition of a nutrient medium to the desired level, and 
an adjustment of the pH value, yeasts (e.9. C. tropicalis) can 
be similarly grown on the substrate produced. One ton of straw 
also yields 250-300 kg. saccharides after chemical hydrolysis. 
Hydrolyzed straw can be partially utilized as a component in 
shaped feeds (pellets and the like) . 
The cultivation of the fungus Plerotus florida on sawdust 
and straw substrates reduced the content of lignin by 24%. The 
content of cellulose also decreased, whereas the digestibility 
of straw increased. The rise in the digestibility of sawdust 
was lower than in the case of hydrothermic treatment (Kosar et al. 
1975). Lignin is degraded by fungi which prefer lignin to 
cellulose - e.g. the white rot fungi. 
Fungal treatments involved the addition of a diluted medium 
to sawdust or straw, and the white rot fungus was allowed to 
grow through substrate. The highest digestibility was obtained 
w i t h  Fomes l i v i d u s  on oak sapwood, and o r g a n i c  m a t t e r  d i g e s t i b i l i t y  
i n c r e a s e d  from 14 t o  36%. 
The most s u c c e s s f u l  m o d i f i c a t i o n  o f  sawdust  was ach ieved  
u s i n g  F. l iv idum fo l lowed  by NaOH t r e a t m e n t .  D i g e s t i b i l i t y  
v a l u e  i n c r e a s e d  from 5 t o  59%. I n  t h e  c a s e  o f  s t r a w  t r e a t e d  w i t h  
P. Sunquineus fo l lowed  by NaOH, it i n c r e a s e d  from 46 t o  70%. 
Such t r e a t m e n t s  c o u l d  p r o v ide  a  b a s i s  f o r  economic methods o f  
wood was te  and s t r a w  co n ve r s ion  t o  u s e f u l  animal  f e ed  components 
( H a r t l e y  and King, 1973) .  
THE PRODUCTION OF MICROBIAL PROTEIN FROM OTHER WASTES AND BY- 
PRODUCTS 
Bes ides  t h e  p r o d u c t s  o f  c e l l u l o s e  m a t e r i a l  p r o c e s s i n g ,  
raw m a t e r i a l s  from p e t r o chemica l s ,  i s o l a t e d  pu re  El-alkanes, lower 
a l c o h o l s ,  methanol  and e t h a n o l  can a l s o  be used  f o r  t h e  p roduc t i on  
o f  m i c r o b i a l  p r o t e i n .  Some of  t h e  e a r l y  s t u d i e s  on t h e  p roduc t i on  
o f  y e a s t s  from p e t r o ch em ica l  raw m a t e r i a l s  proved s u c c e s s f u l ,  b u t  
numerous problems w e r e  encounte red  when t h e  p r o d u c t i o n  p r o c e s s  
was p u t  i n t o  p r a c t i c e .  T h i s  i s  due t o  h i g h  o i l  p r i c e s ,  t h e  r i s k  
o f  a r o ma t i c  compound c o n t e n t , a s  w e l l  a s  t h e  c o n t e n t  o f  f a t t y  a c i d s  
w i t h  branched c h a i n s  o r  odd-carbon f a t t y  a c i d s  i n  t h e  y e a s t s  
produced. Sulphur  compounds ( su lpho  a c i d s )  c o n s t i t u t e  a  t o x i c o -  
l o g i c a l  problem. The most developed t echno logy  i s  t h e  p roduc t i on  
of  SCP from i s o l a t e d  N-alkanes and e t h a n o l .  The u se  o f  methanol  
and methane from n a t u r a l  ga s  i s  be ing  s t u d i e d  ( S t r o s ,  Rosa, 1976 ) .  
The y i e l d  o f  biomass i n  t h e  c u l t i v a t i o n  o f  y e a s t s  on methanol  
is  40%. I n  t h e  c a s e  o f  f e r m e n t a t i o n  from a c e t i c  a c i d ,  t h e  y i e l d  
i s  30 t o  35% ( w i t h  a  maximum of  5 0 % ) .  However, t h i s  p roduc t i on  
p r o c e s s  h a s  n o t  y e t  been i n t roduced .  
Other  a v a i l a b l e  s o u r c e s  i n c l u d e  s t i l l a g e  from t h e  p roduc t i on  
of  e t h a n o l  from m o l a s se s ,  l y e s  from t h e  p roduc t i on  o f  c i t r i c  a c i d ,  
etc .  
Another p o s s i b i l i t y  i s  o f f e r e d  by t h e  use  of  non - sa tu r a t ed  
sugar -bee t  j u i c e .  The advantage  o f  t h i s  method i s  a  h i g h e r  y i e l d  
of  biomass (65-68%) .  Th i s  t echno logy  does  n o t  g e n e r a t e  e f f l u e n t s  
s i n c e  a l l  non-sugars remain i n  t h e  p roduc t .  The f i n a l  p roduc t  
c o n t a i n s  8-8.5% a s h  and t h e  non-sugar p a r t  of  t h e  raw m a t e r i a l  
(Flam, 1969) . 
S u b s t r a t e  requ i rement  f o r  t h e  p roduc t i on  o f  1 t .  o f  d r i e d  fodder  
y e a s t  
s u l p h i t e  e x t r a c t s  62 t 
molasses  4 t 
s u l p h i t e  e x t r a c t s  + e t h a n o l  31 + 0.82 t 
e t h a n o l  1.64 t 
n - a l k a l en es  1 - 1.1 t 
sugar -bee t  1 0  t 
THE PROCESSING OF OTHER AGRICULTURAL AIJD FOOD WASTES 
Whey 
Whey i n  n a t i v e  form i s  d i r e c t l y  u s e d  i n  a n i m a l  n u t r i t i o n .  
B e s i d e s  t h i s ,  whey c a n  a l s o  be condensed  ( t h i c k e n e d )  and  d r i e d .  
Thickened  whey c a n  be u s e d  a s  "cement"  i n  t h e  p r o d u c t i o n  o f  
shaped  f e e d s .  D r i e d  whey i s  u s e d  a s  a  component i n  p i g l e t  and 
c a l f  f e e d  m i x t u r e s  ( 2 . 5  t o  5 % ) .  Whey c a n  be s i m i l a r l y  u s e d  a f t e r  
t h e  removal  o f  l a c t o s e  ( d e l a c t o s e d  whey) .  
Whey f e r m e n t a t i o n  by means o f  a  c u l t u r e  o f  L a c t o b a c i l l u s  
b u l g a r i c u s  and t h e  a d j u s t m e n t  o f  pH t o  5 .5  by N H J  i n f u s i o n  y i e l d s  
a p r o d u c t  c o n t a i n i n g  a b o u t  75% n i t r o g e n  as ammonium lactate .  
When 27% of  t o t a l  p r o t e i n  i n  cow f e e d s  was r e p l a c e d  by f e r m e n t e d  
whey, t h e  n u t r i t i v e  v a l u e  was t h e  same as t h a t  o f  s o y  meal (Huber 
e t  a l . ,  1 9 7 6 ) .  
S k i n  Trea tmen t  (Tanne ry )  Wastes 
These  wastes c a n  b e  s u b j e c t e d  t o  h y d r o t h e r m i c  t r e a t m e n t  
t o g e t h e r  w i t h  t h e  r e n d e r i n g - p l a n t  raw m a t e r i a l s  ( a n i m a l  c a d a v e r s )  
t o  produced  meat-and-bone mea l s .  The s o - c a l l e d  l i m e  p r o t e i n  i s  
produced  f rom t a n n i n g  l i q u o r s  a f t e r  t e c h n o l o g i c a l  p r o c e s s i n g .  
The c h e m i c a l  c o m p o s i t i o n  o f  l i m e  p r o t e i n  and  g l u e  s t o c k  ( % )  
l i m e  p r o t e i n  88.94 60.2 2.52 3.15 20.21 2.50 
g l u e  s t o c k  94.42 67.77 1.77 8.30 12.12 7.19 
I n  b r o i l e r  f e e d  m i x t u r e s  l i m e  p r o t e i n  o r  g l u e  s t o c k  c a n  b e  
used  t o  r e p l a c e  f i s h  m e a l  o r  meat-bone by 2 % .  I n  t h e  c a s e  o f  
4 %  r e p l a c e m e n t ,  w e i g h t  g a i n  d e c r e a s e d  and  f e e d  c o n v e r s i o n  
d e t e r i o r a t e d  (Nedop i l ,  Koucky, 1 9 7 5 ) .  Among t h e  wastes o f  t h e  
t a n n i n g  i n d u s t r y ,  k a r a g l u t i n  and h y d r o l y z e r s  o f  c o l a g e n  a r e  u s e d  
i n  a n i m a l  n u t r i t i o n .  The d i g e s t i b i l i t y  o f  t h e s e  h y d r o l y z e r s  i s  
85% i n  p o u l t r y  and 66% i n  p i g s .  A t  h i g h e r  d o s e s  o f  s k i n  m e a l  
( 5 - 6 % ) ,  t h e  growth  c a p a c i t y  of  t h e  a n i m a l s  d e c r e a s e d  and  chromium 
w a s  found  t o  b e  r e t a i n e d  i n  t h e  parenchymatous  o r g a n i s  ( D i l w o r t h  
and Day, 1 9 7 0 ) .  Doses up t o  3% are t h e r e f o r e  recommended. 
F e a t h e r  H y d r o l y z a t e s  
P r e s s u r e  h y d r o l y s i s  o f  f e a t h e r s  b r e a k s  t h e  k e r a t i n  bond and 
i n c r e a s e s  t h e  d i g e s t i b i l i t y  o f  p r o t e i n .  F e a t h e r  meal c o n t a i n s  
l i t t l e  m e t h i o n i n ,  l y s i n e ,  h i s t i d i n e  and t r y p t o p h a n  which s h o u l d  
b e  complemented t o  d u e  l e v e l s  p r i o r  t o  a d m i n i s t r a t i o n .  The meal 
c o n t a i n s  70-85 mcg v i t a m i n  B 1 2 '  2  mcg v i t a m i n  B 9  m g  p a n t o t h e n i c  2  ' 
acid, 20 mg nicotinic acid and 100 mg choline (Vavak, Fischerova, 
1975). 
Sewage Sludge 
The lack of protein-containing feeds leads us to search for 
new protein sources. Dried sewage sludge is among the non- 
traditional sources. The composition of the sludge depends on 
its origin (city, industrial), and on the type and operation of 
the sewage treatment plant (pre-cleaning, aeration). The sources 
of this raw material are ample. In the FRG, 4-6s mechanically 
thickened sludges were used for feeding purposes in 1971. 
Activated sludge is a-better material for use as feed. Micro- 
organisms constitute a large portion of the sludge. 
Industrial composition of activated sludge and yeasts ( % )  
activated fodder 
sludge yeasts 
Dry matter 
N-compounds 
Fat 
Ash 
Sludge must not contain any toxicous substances. The presence 
of heavy metals is a hygienic problem. A procedure was worked out 
to enable a reduction of the content of heavy metals. Dried 
biologically activated sludge, SOBT'VIT B, is produced in Czech- 
oslovakia and is used in the nutrition of farm animals at a level 
of 3%. The sludge is produced in aerated activating tanks to 
which a nitrogen and phosphorus source is added. Activated sludge 
is separated by decanting, then it is contrifuged to be thickened 
to contain 6-10% dry matter; then follows drying in a drum drier. 
The materials suitable for this processing include city 
sewage and wastes from the production of wood fibreboards. The 
sludge should be thermically conditioned prior to administration. 
Activated sludge can also be dried together with yeast cream 
(Rybarova and Stros, 1976). 
The inclusion of 2% activated and additionally sterilized 
sludge in the feed of broilers was not found to exert an 
unfavorable effect on the health and growth of the birds (Petkov 
et al., 1979) . 
Poultry Waste 
Broiler litter - an accumulation of poultry excreta, feathers, 
wasted feed and bedding - is valuable as feed for ruminants. 
Nitrogen was efficiently utilized by sheep when up to SOX, in the 
case of cattle up to 25%, was substituted. Although no serious 
h e a l t h  problems have r e s u l t e d  from f eed ing  b r o i l e r  l i t t e r ,  t h e r e  
i s  t h e  danger of pa thogen ic  organisms i n  t h e  l i t t e r .  Fontenot  
e t  a l .  (1971) r e p o r t e d  t h a t  d ry  h e a t  was e f f e c t i v e  i n  d e s t r o y i n g  
b a c t e r i a  p r e s e n t  i n  b r o i l e r  l i t t e r .  But a  n a t u r a l  means o f  
d e s t r o y i n g  microorganisms,  such a s  e n s i l i n g  l i t t e r  w i t h  h igh  g r a i n  
co rn  f o r a g e ,  would be more economical  t han  t h e  use  o f  a r t i f i c i a l  
h e a t .  Lower c o l i f o r m  numbers i n  l i t t e r  s i l a g e s  t h a n  i n  c o n t r o l s  
sugges t  t h a t  e n s i l i n g  may be an  economical  means o f  e l i m i n a t i n g  
t h e  p o t e n t i a l  hazard  o f  t h e  p o s s i b l e  p resence  of  pathogens  i n  t h e  
l i t t e r  (Harmon e t  a l . ,  1975) . 
P o u l t r y  was te  p roduc t s  a r e  s i m i l a r  t o  u r i c  a c i d  and sodium 
u r a t e  b u t  s u p e r i o r  t o  u r e a  o r  b i u r e t  when used a s  n i t r o g e n  
supplements ( a t  a  l e v e l  o f  4 0 %  d i e t a r y  n i t r o g e n )  f o r  beef c a t t l e  
f e d  f o r a g e  d i e t s  ( O l t j e n  and Din ius ,  1976 ) .  
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ECONOMIC ASPECTS OF THE DEVELOPMENT 
OF NEW TECHNOLOGIES 
( I n  t h e  Mon-Tradi t ional  P r o d u c t i o n  
o f  Feed and Food) 
Yur i  Khromov 
The t i t l e  o f  t h i s  r e p o r t  i s  t o o  comprehens ive  t o  g i v e  a  
b r i e f ,  e x h a u s t i v e  c h a r a c t e r i z a t i o n  o f  t h e  problem as a whole.  
T h e r e f o r e ,  I c h o s e  t o  c o n c e n t r a t e  on  a m e t h o d i c a l  approach t o  
t h e  s o l u t i o n  o f  t h e  g i v e n  problem and t h u s  i n d i c a t e  t h e  economic 
exped iency  and v a s t  p r o s p e c t s  o f  t h e  n o n - t r a d i t i o n a l  p r o d u c t i o n  
o f  a g r i c u l t u r a l  produce  and f o o d s t u f f s .  
When c o n s i d e r i n g  t h e  a d v a n t a g e s  o f  n o n - t r a d i t i o n a l  t e c h n o l o g i e s ,  
w e  have t o  ment ion  b r i e f l y  t h e  c o n s t r a i n t s  o f  t r a d i t i o n a l  p r o d u c t i o n  
and how t h e s e  are p a r t i a l l y  removed i n  n o n - t r a d i t i o n a l  p r o d u c t i o n .  
The ra te  of  wor ld  a g r i c u l t u r a l  development  i s  n o t  a s  r a p i d  
t o d a y  as it w a s  20 o r  30 y e a r s  ago. The e f f i c i e n c y  o f  a d d i t i o n a l  
i n v e s t m e n t s  i n  a g r i c u l t u r e  i s  d e c l i n i n g .  One needs  c o n s i d e r a b l e  
amounts o f  m i n e r a l  r e s o u r c e s ,  machinery ,  money and l a b o r  t o  
i n c r e a s e  a g r i c u l t u r a l  o u t p u t .  I n v e s t m e n t s  w i l l  have t o  i n c r e a s e  
s i x f o l d  and e n e r g y  r e s o u r c e s  t h r e e f o l d  f o r  wor ld  a g r i c u l t u r e  t o  
d o u b l e  i t s  c r o p  y i e l d s .  F o r  t h e s e  y i e l d s  t o  t r e b l e ,  it i s  
n e c e s s a r y  t o  i n c r e a s e  i n v e s t m e n t s  t w e n t y f o l d  and e n e r g y  r e s o u r c e s  
s i x f o l d .  What i s  more, t h i s  w i l l  c a l l  f o r  a c o n s i d e r a b l e  i n c r e a s e  
i n  t h e  u s e  o f  nonrenewable  r e s o u r c e s ,  ma in ly  o i l  p r o d u c t s .  For  
i n s t a n c e ,  a t w o f o l d  i n c r e a s e  i n  c r o p  y i e l d s  i n  t h e  d e v e l o p i n g  
c o u n t r i e s  w i l l  r e q u i r e  an  e l e v e n f o l d  i n c r e a s e  i n  t h e  p r o d u c t i o n  
o f  f e r t i l i z e r s  and s i x f o l d  i n c r e a s e  i n  t h e  o u t p u t  o f  p e s t i c i d e s  
(Dennis  L. Meadows e t  a l .  1 9 7 4 . )  The amount o f  mined e n e r g y  
( f u e l )  s p e n t  on  a g r i c u l t u r e  i s  g r e a t e r  t h a n  t h e  e n e r g y  o b t a i n e d  
i n  t h e  form o f  food .  Moreover,  o n e  s h o u l d  t a k e  a c c o u n t  o f  t h e  
c o n t i n u o u s  growth o f  p r i c e s  o f  e n e r g y  r e s o u r c e s  i n  t h e  w o r l d ,  
as w e l l  a s  t h e  growing demand f o r  e n v i r o n m e n t a l  p r o t e c t i o n ,  
b o t h  o f  which w i l l  t i g h t e n  t h e  c o n s t r a i n t s  on farm p r o d u c t i o n  i n  
t h e  f u t u r e .  On t h e  whole ,  normal  a g r i c u l t u r a l  development  
r e q u i r e s  6 t o  10 t i m e s  more inves tment  i n  t h e  r e l a t e d  i n d u s t r i e s  
( c h e m i s t r y ,  mechanica l  e n g i n e e r i n g ,  t r a n s p o r t )  t h a n  i n  a g r i c u l t u r e  
i t s e l f .  
The low e f f i c i e n c y  of  a g r i c u l t u r a l  p r o d u c t i o n  i s  due t o  a  
number of  f a c t o r s ,  i n c l u d i n g :  
t h e  t r a d i t i o n a l  unchangeable n a t u r e  of t h e  g e n e r a l  
t e c h n o l o g i c a l  scheme; 
t h e  s e a s o n a l  f l u c t u a t i o n s  i n  p r o d u c t i o n ;  
t h e  i n e v i t a b l e  l o s s e s  d u r i n g  s t o r a g e ;  
t h e  s p o r a d i c  u s e  of  machinery;  
t h e  g e o g r a p h i c a l  s c a t t e r i n g  of  p r o d u c t i o n ,  which i n v o l v e s  
h i g h  t r a n s p o r t a t i o n  c o s t s ;  
t h e  non-s tandard  n a t u r e  o f  t h e  produce;  
t h e  l a r g e  volumes o f  h i g h l y  n u t r i t i v e  w a s t e ,  which i s  
used e i t h e r  d i r e c t l y  f o r  f e e d  ( i . e . ,  i n e f f e c t i v e l y ) ,  
o r  d e n a t u r e d ;  
t h e  d e t e r i o r a t i o n  of  t h e  envi ronment ;  
t h e  c o n t i n u o u s  growth of  ene rgy  i n t e n s i t i e s .  
A l l  t h e s e  c o n s t r a i n t s  on a g r i c u l t u r a l  p r o d u c t i o n  e x p l a i n  
i t s  i n s t a b i l i t y  under  c o n d i t i o n s  of  s t a b l e ,  growing demand f o r  
i t s  produce;  t h e y  a l s o  h i n d e r  t h e  f low of  c a p i t a l  i n t o  t h i s  
b ranch  o f  t h e  economy, a r e  r e s p o n s i b l e  f o r  t h e  s low recoupment 
o f  c a p i t a l  i n v e s t m e n t s ,  which a r e  r i s k y ,  and lower t h e  e f f e c t i v e -  
n e s s  o f  p l a n n i n g  and r e g u l a t i n g  t h e  volume and s t r u c t u r e  o f  
p r o d u c t i o n .  
But t h e  major  c o n t r a d i c t i o n  of  t h e  contemporary food sys tem 
c o n s i s t s  pe rhaps  i n  m a s s  hunger and m a l n u t r i t i o n  caused  by t h e  
way it f u n c t i o n s .  Moreover,  t h i s  t a k e s  p l a c e  w h i l e  t h e  p e r  
c a p i t a  p r o d u c t i o n  o f  s t a p l e  n u t r i t i v e  ( p r o t e i n )  and energy  
( c a l o r i c )  components i s  on t h e  average  t w i c e  as h i g h  a s  t h e  
minimal r e q u i r e d  s t a n d a r d .  
However, t h e  i n e q u i t a b l e  d i s t r i b u t i o n  o f  f o o d s t u f f s  b o t h  
between i n d i v i d u a l  r e g i o n s  and i n s i d e  i n d i v i d u a l  c o u n t r i e s  
r e s u l t s  i n  o v e r  15 p e r  c e n t  o f  t h e  w o r l d ' s  p o p u l a t i o n  d i r e c t l y  
e x p e r i e n c i n g  a  s h o r t a g e  o f  e n e r g y - c o n t a i n i n g  food ( h u n g e r ) ,  
whereas t w o - t h i r d s  e x p e r i e n c e  a  p r o t e i n  d e f i c i t .  S t a r v a t i o n  and 
t h e  d i s e a s e s  it c a u s e s  a c c o u n t  f o r  t h e  l o s s  o f  30 t o  40 m i l l i o n  
human l i v e s  a n n u a l l y .  The most s t r i k i n g  c o n t r a s t s  a r e  t o  b e  
obse rved  when comparing t h e  d i e t  l e v e l s  i n  t h e  i n d u s t r i a l  and 
d e v e l o p i n g  c o u n t r i e s .  For  example, w h i l e  p e r  c a p i t a  minimum 
energy  r e q u i r e m e n t s  have  been e s t i m a t e d  a t  2,220 k i l o c a l o r i e s  
p e r  day f o r  t h e  c o u n t r i e s  o f  As ia  and t h e  P a c i f i c ,  2,340 f o r  
A f r i c a ,  2,390 f o r  L a t i n  A m e r i c a ,  and 2,460 f o r  t h e  Middle E a s t ,  
t h e  p e r  c a p i t a  p r o d u c t i o n  i n  t h e  d e v e l o p i n g  c o u n t r i e s ' i s  less 
t h a n  2,150 k i l o c a l o r i e s  p e r  day,  whereas i n  t h e  i n d u s t r i a l  
c o u n t r i e s  t h i s  f i g u r e  is  o v e r  3,000. Fur the rmore ,  a n  a d u l t  
needs  80 t o  100 grams of  p r o t e i n  a day ,  i n c l u d i n g  50 grams o f  
p r o t e i n  o f  animal  o r i g i n .  ( A s  f a r  a s  h i s  s u r v i v a l  i s  concerned ,  
t h e  needs  are l e ss ) .  According t o  FA0 d a t a ,  t h e  w o r l d ' s  food 
p r o t e i n  r e s o u r c e s  (grams p e r  p e r s o n  p e r  d a y )  a r e  d i s t r i b u t e d  as 
f o l l o w s :  
1961-1963 1975 1985 ( f o r e c a s t )  
- - 
1 .  I n d u s t r i a l  c o u n t r i e s :  
......... p r o t e i n  85.6 89.4 92.4 
i n c l u d i n g  an imal  p r o t e i n .  45.3 50.6 54.6 
2. Developing c o u n t r i e s :  
p r o t e i n  ......... 54.8 61.3 67.1 
i n c l u d i n g  an imal  p r o t e i n .  10.9 13.9 17.5 
S i n c e  i n  many c o u n t r i e s  t h e  f u r t h e r  i n t e n s i f i c a t i o n  of  t h e  
u s e  o f  t r a d i t i o n a l  a g r i c u l t u r a l  t e c h n i q u e s  does  n o t  r e s u l t  i n  
any a p p r e c i a b l e  growth o f  e f f i c i e n c y  i n  t h i s  p r imary  i m p o r t a n t  
branch o f  t h e  economy, and more and more o f t e n  l e a d s  t o  
u n d e s i r a b l e  e c o l o g i c a l  consequences ,  s c h o l a r s ,  economis t s  and 
p o l i t i c i a n s  have o f  l a t e  been i n c r e a s i n g l y  c o n c e n t r a t i n g  on so- 
c a l l e d  n o n - t r a d i t i o n a l  o r  unconven t iona l  methods o f  p r o d u c t i o n  
o f  f o o d s t u f f s  and f e e d .  Of c o u r s e ,  new methods o f  food g e n e r a t i o n  
w i l l  n o t  b e  a b l e  t o  r e p l a c e  t r a d i t i o n a l  a g r i c u l t u r a l  p r o d u c t i o n  
which w i l l  remain  t h e  l e a d i n g  method o f  food p r o d u c t i o n .  
Moreover, t r a d i t i o n a l  a g r i c u l t u r e  w i l l  c o n t i n u e  t o  p l a y  a  key r o l e  
a s  food s u p p l i e r ,  w h i l e  b e i n g  a t  t h e  same t i m e  a  major  r e s o u r c e  
b a s e  f o r  n o n - t r a d i t i o n a l  methods o f  f o o d s t u f f s  and f e e d  p r o d u c t i o n .  
However, t h i s  well-known f a c t  c a n n o t  d i m i n i s h  t h e  impor tance  o f  
t h e  n o n - t r a d i t i o n a l  p r o d u c t i o n  o f  f o o d s t u f f s  and f e e d  a s  a  
h i g h l y  e f f e c t i v e  method f o r  s o l v i n g  t h e  w o r l d ' s  food problem, 
p r i m a r i l y  f o r  d e c r e a s i n g  t h e  food p r o t e i n  s h o r t a g e .  
There  a r e  t h r e e  ways o f  u s i n g  secondary  produce  and 
a g r i c u l t u r a l  and i n d u s t r i a l  w a s t e ,  namely: 
1 )  d i r e c t  u s e  o f  t h e  g i v e n  r e s o u r c e s  f o r  f e e d i n g  c a t t l e ;  
2)  m i c r o b i o l o g i c a l  s y n t h e s i s  o f  p r o t e i n  a s  a  b a s i s  f o r  
p roduc ing  f e e d  and f o o d s t u f f s ;  
3 )  p r o d u c t i o n  o f  new t y p e s  of  food.  
The l a t t e r  two o p t i o n s  seem t h e  most promis ing .  
T h e  ~iorobibZogicaZ S y n t h e s i s  o f  P r o t e i n  may, i n  t h e  coming 
y e a r s ,  markedly r e d u c e  t h e  q u a l i t y  f e e d  p r o t e i n  d e f i c i t  i n  many 
c o u n t r i e s  because  o f  t h e  h i g h  e f f i c i e n c y  o f  t h i s  p r o d u c t i o n .  
Microorganisms such a s  y e a s t ,  b a c t e r i a  and f u n g i  grow hundreds  
of  t i m e s  f a s t e r  t h a n  p l a n t s  and t h o u s a n d s  o f  t i m e s  f a s t e r  t h a n  
an imals .  Some microorganisms,  f o r  i n s t a n c e ,  d o u b l e  t h e i r  biomass 
o v e r  twenty  minu tes .  Some t y p e s  o f  y e a s t ,  b a c t e r i a  and m i c r o s c o p i c  
f u n g i ,  when d r i e d ,  c o n t a i n  50 t o  75 p e r  c e n t  of  p r o t e i n .  By way of 
comparison,  d r i e d  c o r n  c o n t a i n s  8 p e r  c e n t  p r o t e i n ,  wheat g r a i n  - 
1 8  p e r  c e n t ,  soybean meal - 4 9  p e r  c e n t  and f i s h  meal - 61 p e r  
c e n t .  
I n  q u a l i t y  (amino-acid compos i t ion ,  a s s i m i l a t i o n  c o e f f i c i e n t  
e t c . )  p r o t e i n  produced by way o f  m i c r o b i o l o g i c a l  s y n t h e s i s  i s  
s u p e r i o r  t o  v e g e t a b l e  p r o t e i n  and i s  c l o s e  t o  animal  p r o t e i n .  
When p r o p e r l y  p u r i f i e d  and s t e r i l i z e d ,  such p r o t e i n  may b e  used 
f o r  food i n  t h e  form o f  a d d i t i o n s  t o  f o o d s t u f f s  o r  f o r  t h e  
p r o d u c t i o n  o f  new t y p e s  of  food.  
Resources f o r  m i c r o b i o l o g i c a l  p r o t e i n  s y n t h e s i s  a r e  widespreacl.  
Pu lp ,  a  v i r t u a l l y  u n l i m i t e d  r e s o u r c e ,  i s  a  b a s i c  raw m a t e r i a l  
f o r  t h e  m i c r o b i o l o g i c a l  s y n t h e s i s  of  p r o t e i n .  It i s  wide ly  s p r e a d  
th roughou t  t h e  w o r l d ,  and c o n t i n u o u s l y  r e p l e n i s h e d  by photosyn- 
t h e s i s .  It i s  p r e s e n t  i n  a l l  a g r i c u l t u r a l  was te  and i n  t h e  was te  
of  some i n d u s t r i e s .  Among t h e  l a r g e s t  s o u r c e s  o f  p u l p  s u i t a b l e  
f o r  m i c r o b i o l o g i c a l p r o t e i n  p r o d u c t i o n  a r e  s t r a w  (1400 m i l l .  t o n s  d.w. 
p e r  y e a r ,  w o r l d w i d e ) ,  g r e e n  mass o f  p l a n t s  ( l e a v e s  and s t a l k s ) ,  
c o r n  c o b s ,  r e e d ,  c o t t o n - s e e d ,  r a p e ,  l i n s e e d  and s u n f l o w e r  c a k e ,  
paper  p r o d u c t i o n  w a s t e ,  non-s tandard  t i m b e r ,  e t c .  M i c r o b i o l o g i c a l  
p r o t e i n  p r o d u c t i o n  has  t h e  f o l l o w i n g  advan tages :  
1 )  it does  n o t  depend on g e o g r a p h i c ,  c l i m a t i c  o r  s e a s o n a l  
c o n d i t i o n s  . .as a  p r o c e s s ;  
2 )  it does  n o t  r e q u i r e  l a r g e  a r e a s  f o r  e f f i c i e n t  
p r o d u c t i o n ;  
3 )  it makes u s e  of  renewable  n a t u r a l  r e s o u r c e s .  
I t  shou ld  be  n o t e d  t h a t  t h e  m i c r o b i o l o g i c a l  s y n t h e s i s  o f  
p r o t e i n  has  l o n g  been c a r r i e d  o u t  i n  v a r i o u s  c o u n t r i e s  w i t h  t h e  
u s e  of  c a r b o n i c  raw m a t e r i a l  ( o i l ,  n a t u r a l  g a s ,  e t h y l  a l c o h o l ) .  
However, owing t o  t h e  energy  c r i s i s  and growing wor ld  o i l  p r i c e s ,  
t h i s  nonrenewable r e s o u r c e  c o n t i n u e s  t o  l o s e  i t s  impor tance  a s  
a  s o u r c e  o f  p r o t e i n  s y n t h e s i s .  
A t  t h e  same t i m e  accoun t  s h o u l d  be  t a k e n  o f  such an 
i n e x h a u s t i b l e  s o u r c e  o f  ca rbon  a s  t h e  ocean ,  w i t h  an  average  
annua l  y i e l d  of  3,600 m i l l i o n  t o n s ,  which exceeds  mankind 's  
r e q u i r e m e n t s  s e v e r a l  thousand t i m e s  o v e r .  The u s e  of  a l g a e  f o r  
t h e  m i c r o b i o l o g i c a l  s y n t h e s i s  of  p r o t e i n  may produce  a  p o s i t i v e  
e f f e c t .  I n  amino-acid compos i t ion ,  f o r  example, t h e  S p r i r u l l i n a  
a l g a e  grown i n  man-made r e s e r v o i r s  approaches  i d e a l  p r o t e i n ,  
w h i l e  i t s  h i g h  p r o d u c t i v i t y  (up  t o  80 kg o f  ca rbon  p e r  day p e r  
1 h e c t a r e  of  w a t e r  s u r f a c e )  j u s t i f i e s  t h e  economic e f f i c i e n c y  
of  i t s  growth.  
Thus, t h e  f u r t h e r  i n c r e a s e  i n  t h e  volume of m i c r o b i o l o g i c a l  
p r o t e i n  w i l l  i n  l a r g e  measure be  conducive  t o  meet ing  t h e  needs  
of animal  husbandry i n  q u a l i t y  f e e d .  !loreover,  a g r i c u l t u r e  w i l l  
e x p e r i e n c e  no a d d i t i o n a l l o a d s ,  s i n c e  u s e  w i l l  be made of  v a r i o u s  
t y p e s  o f  secondary  raw m a t e r i a l  and a g r i c u l t u r a l  and i n d u s t r i a l  
w a s t e ,  a s  w e l l  a s  o t h e r  n o n - t r a d i t i o n a l  s o u r c e s .  
Another  notewor thy f e a t u r e  o f  f e e d i n g  p r o t e i n  i s  i t s  low 
c o e f f i c i e n t  of  c o n v e r s i o n  i n t o  animal  p r o t e i n .  The c o n v e r s i o n  
o f  t h i s  p r o t e i n  i n  pork  p r o d u c t i o n ,  f o r  i n s t a n c e ,  i s  10 t o  20 
p e r  c e n t ,  i n  f o w l - f l e s h  p r o d u c t i o n  - 20 t o  25 p e r  c e n t ,  i n  egg 
p r o d u c t i o n  - 25 t o  30 p e r  c e n t .  On t h e  whole ,  t h e  c o n v e r s i o n  of  
f e e d s  i n t o  an  an imal  p r o d u c t  i n  t e r m s  o f  p r o t e i n  r a n g e s  between 
6 and 40 p e r  c e n t .  And i f  a c c o u n t  i s  t a k e n  o f  t h e  p r e p a r a t i o n  
o f  a  p r o d u c t  f o r  f o o d ,  t h e  c o n v e r s i o n  d r o p s  t o  between 3  - 30 
p e r  c e n t .  I n  a  b e e f s t e a k ,  f o r  example,  p r o t e i n  l o s s e s  d u r i n g  
t h e  c o n v e r s i o n  o f  a  f e e d i n g  p r o d u c t  i n t o  a n  an imal  p r o d u c t  and 
t h e n  i n t o  a  f o o d s t u f f  amount t o  95 p e r  c e n t .  I t  i s  no mere 
a c c i d e n t ,  t h e r e f o r e ,  t h a t  bee f  p r o t e i n  i s  50 t i m e s  a s  e x p e n s i v e  
a s  t h e  p r o t e i n  o f  f a t - f r e e  soybean f l o u r .  
Such a n  uneconomical  a t t i t u d e  t o  p r o t e i n ,  which is  so 
~ i m i t e d a s  a  food component ( t w o - t h i r d s  o f  t h e  w o r l d ' s  p o p u l a t i o n  
i s  e x p e r i e n c i n g  a  p r o t e i n  s h o r t a g e ) ,  has  i m p e l l e d  s c i e n t i s t s  and 
s p e c i a l i s t s  i n  many c o u n t r i e s  t o  i n v e s t i g a t e  n o n - t r a d i t i o n a l  
t e c h n i q u e s  f o r  p roduc ing  f o o d s t u f f s ,  and t h u s  bypass  t h e  s t a g e  
o f  c a t t l e  b r e e d i n g .  I n  t h i s  c a s e  t h e  c o n v e r s i o n  o f  p r o t e i n  from 
a  v e g e t a b l e  p r o d u c t  i n t o  a  f o o d s t u f f  r e a c h e s  80 t o  90 p e r  c e n t .  
Resources  from t h e  p r o d u c t i o n  of  new t y p e s  o f  food ( a l s o  
c a l l e d  t e x t u r i z e d ,  s t r u c t u r i z e d  or  a r t i f i c i a l  f o o d s t u f f s )  a r e .  
f i r s t  and foremost ,  p r o t e i n - c o n t a i n i n g  a g r i c u l t u r a l  predicts, 
namely, s e e d s  o f  o i l - p r o d u c i n g  p l a n t s  and c e r e a l s ,  g r a s s  and t h e  
biomass o f  p l a n t s ,  a s  w e l l  a s  secondary  raw m a t e r i a l s  and food 
i n d u s t r y  w a s t e s  s u c h  a s  s k i m e d  mi lk  and serum, t h e  w a s t e  from 
t h e  f i n i s h i n g  and meat-packing i n d u s t r i e s ,  and t h e  l i k e .  Of l a t e ,  
t h e  p r o d u c t i o n  o f  new t y p e s  o f  food h a s  marked t h e  emergence o f  
a  new branch of  food p r o d u c t i o n  i n  a  number o f  i n d u s t r i a l  
C o u n t r i e s .  
S c i e n t i s t s  i n  t h e  S o v i e t  Union have  e l a b o r a t e d  t h e  s c i e n t i f i c  
p r i n c i p l e s  o f  p r o c e s s i n g  p r o t e i n  i n t o  v a r i o u s  new forms o f  food 
and p r o c e s s e s  f o r  o b t a i n i n g  a  number o f  new forms o f  food which 
a r e  " u n i v e r s a l  a s  t o  p r o t e i n " ,  i . e . ,  s u i t a b l e  f o r  p r o c e s s i n g  
d i v e r s i f i e d  s o u r c e s  o f  p r o t e i n  i n t o  f o o d s t u f f s  and a d d i t i o n s  t o  
meat p r o d u c t s  w i t h  t h e  r e q u i s i t e  compos i t ion  and p r o p e r t i e s .  
Some o f  t h e s e  p r o c e s s e s  have  a l r e a d y  found a p p l i c a t i o n  i n  o r  a r e  
b e i n g  m a s t e r e d  by S o v i e t  i n d u s t r y .  
The major  t a s k s  b e i n g  t a c k l e d  by t h e  new f o o d - s t u f f s  i n d u s t r y  
a r e  t h e  f o l l o w i n g :  
F i r s t l y ,  a  s u b s t a n t i a l  i n c r e a s e  i n  t h e  p r o d u c t i o n  o f  food- 
s t u f f s  i n  t h e  form o f  food a n a l o g u e s  ( p r i m a r i l y  meat and d a i r y  
p r o d u c t s )  and a d d i t i o n s  t h e r e t o .  The Uni ted  S t a t e s ,  f o r  example,  
h a s  a l r e a d y  a c h i e v e d  a  10% rep lacement  of  meat  i n  mince p r o d u c t s  
by p r o t e i n  a d d i t i o n s .  Between 1985-1990 t h e  p r o d u c t i o n  o f  new 
forms o f  food is  e x p e c t e d  t o  r e a c h  10 o r  more p e r  c e n t  o f  t h e  
food p r o c e s s i n g  i n d u s t r y  i n  some developed c o u n t r i e s .  One 
d i s a d v a n t a g e  o f  t h e  new i n d u s t r y  l ies  i n  t h e  f a c t  t h a t  i n  many 
c o u n t r i e s  ( t h e  USA and Japan  above a l l )  t h e  major  raw m a t e r i a l  i s  
s o y a ,  which means t h a t  t h e  p r i c e  o f  t h i s  r e l a t i v e l y  cheap  r e s o u r c e  
may s k y r o c k e t  i n  t h e  f u t u r e  i f  new r e s o u r c e s  f o r  t h e  p r o d u c t i o n  
o f  u n c o n v e n t i o n a l  food and f e e d  a r e  n o t  e x p l o r e d  and u t i l i z e d .  
Secondly, t h e  new t echno log ie s  make it p o s s i b l e  t o  lower t h e  
c o s t  of f o o d s t u f f s  owing t o  t h e  comprehensive i n d u s t r i a l  p rocess ing  
of  t r a d i t i o n a l  and n o n - t r a d i t i o n a l  food raw m a t e r i a l s  and t h e  
i nc reased  convers ion of p r o t e i n  i n t o  food produc ts .  What i s  more, 
t h e  new f o o d s t u f f s  a r e  e a s i e r  t o  p re se rve  and t r a n s p o r t .  The i r  
p roduc t ion  i s  n o t  a f f e c t e d  by seasona l  o r  weather  changes and can 
be organized near  t h e  p l a c e s  of consumption. Moreover, t h e  
boundless p o s s i b i l i t i e s  f o r  mechanizing and automating t h i s  t ype  
of p roduc t ion  w i l l  ensure  t h e  cont inuous growth of  i t s  e f f i c i e n c y  
i n  t h e  f u t u r e .  
T h i r d l y ,  t h e  new i n d u s t r y  makes it p o s s i b l e  t o  provide 
s t anda rd  produc ts  w i th  any d e s i r e d  q u a l i t a t i v e  components, 
precooked o r  ready-for-use produc ts  f o r  i n f a n t ,  medical  and 
p reven t ive  d i e t s ,  and a l s o  t o  o rgan ize  h igh -qua l i t y  food supply 
f o r  people l i v i n g  i n  unusual  c o n d i t i o n s  o r  i n  d i s t a n t  a r e a s .  
Summary of  mic rob io log ica l  s y n t h e s i s  of  p r o t e i n  and t h e  
produc t ion  of un-conventional  foods a s  a  whole: 
I t  does n o t  depend on geographic ,  c l i m a t i c  o r  s ea sona l  
c o n d i t i o n s ;  
I t  p a r t i a l l y  s o l v e s  t h e  problem of non-used was tes  and 
by-products;  
I t  does  n o t  r e q u i r e  e x t r a  ac reage ;  
I t  makes use  of renewable n a t u r a l  r e sou rces ;  
I t  i s  i n  some c a s e s  cheaper  t han  t h e  t r a d i t i o n a l  
a g r i c u l t u r a l  p roduc t ion  of p r o t e i n ;  
I t  i s  f avo rab le  f o r  sa feguard ing  t h e  environment;  
I t  c r e a t e s  p roduc t s  which a r e  p re se rvab le  and easy  t o  
t r a n s p o r t .  
It makes p o s s i b l e  s t anda rd i zed  produc ts  w i th  any d e s i r e d  
q u a l i t a t i v e  components. . 
I t  provides  t h e  p o s s i b i l i t y  f o r  mechanization and auto-  
mation of p roduc t ion .  
The work begun a t  IIASA t o  s tudv  t h e  given problem and, i n  
p a r t i c u l a r ,  t h e  ho ld ing  of a  Task Force 14eeting on t h i s  s u b j e c t  
i n  September 1980, make it p o s s i b l e  t o  ana lyse  some main s c i e n t i f i c  
t r e n d s  i n  t h e  f i e l d  of n o n - t r a d i t i o n a l  p roduc t ion  of p r o t e i n  from 
a g r i c u l t u r a l  waste  and t o  i d e n t i f y  t h e  most promising of  them. 
Research i n t o  new t echno log ie s  w i l l  be cons idered  from t h e  
s t a n d p o i n t  of t h e i r  i n t e r a c t i o n  wi th  t h e  r e sou rces  o f  a g r i c u l t u r e  
and t h e  environment. The re fo re ,  one should r ega rd  a s  op t imal  
no t  on ly  t h o s e  t echno log ie s  which a r e  most e f f e c t i v e  economically 
b u t ,  f i r s t  and foremost ,  t h o s e  which a r e  bo th  economical and do 
n o t  e x e r t  an adverse  i n f l u e n c e  on t h e  l i m i t e d  r e sou rces  ( i . e . ,  
a r e  based on widespread and renewable r e s o u r c e s ,  a r e  n o t  energy- 
i n t e n s i v e ,  e t c . )  and on t h e  environment i n  t h e  long term. Systems 
a n a l y s i s  i s  i nd i spensab le  i n  t h e  i n v e s t i g a t i o n  of  t h i s  problem, 
and IIASA i s  making e x t e n s i v e  use of  t h i s .  
I n  s p i t e  of a l l  t h e  advantages  of  n o n - t r a d i t i o n a l  food and 
f e e d s t u f f s  p roduc t ion ,  i t s  growth i s  obse rvab le  s o  f a r  on ly  i n  
a  sma l l  number of  c o u n t r i e s .  A s  f o r  new forms of food,  t h e  reason  
behind t h e i r  i n s u f f i c i e n t  spread  l ies  i n  t h e  conse rva t ive  h a b i t s  
of the consumer. Therefore, requirements are made on the new 
foodstuffs which even many traditional products fail to meet; 
the major demand made on the new products is, as a rule, not 
their better chemical composition, but the traditional physical 
parameters: 1 ) appearance (color, shape and size) ; 2) familiar 
taste; 3 )  attractive flavor; 4 texture; 5) temperature; 
6) quick cooking. 
There are a group of factors in nsn-traditional protein 
production whikh ought to be considered by decision-makers. 
1. Biochemical types of waste, by-products and end products. 
2. Technical feasibility of waste utilization. 
3. The availability of wastes and by-products. 
4. The economics of the utilization of wastes. 
5. The socio-economic aspects of waste utilization. 
In order to view the waste problem systematically, one should 
not consider it as only a technical, resourcal or economic dilemma. 
It is a complex problem. Whether agricultural wastes are utilized 
or not depends on economic and social constraints in the long run. 
1t is often difficult to explain the present form of waste treatment 
in terms of its profitability. 
Among the economic requirements which the new product should 
meet are as follows: 
1) the price of a new product should be the same or lower 
than that of a traditional product; 
2) a new product should be offered where it is advantageous 
for the buyer, where the consumer has fewer opportunities 
to buy traditional products; 
3) quick and inexpensive to cook; 
4 )  the new product should be attractively packaged and this 
should be in relation to the price of the product; 
5) new products should improve on traditional ones especially 
where factors such as preservation and storage are better. 
In conclusion I would like to stress that in dealing with 
agricultural wastes, economic considerations are inevitably taken 
into account. In some cases there is a lot of concern about the 
treatment or disposal of waste as far as the environment is 
affected. In other cases waste utilization means an increase in 
available resources. Anyhow environmental and resource aspects 
have an economic background. 
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MODELING THE USE OF AGRICULTURAL WASTE - 
TAKING A BULGARIAN REGION AS AN EXAMPLE 
M. Albegov, and T. Balabanov 
The objectives of this study are as follows: 
a) to formulate the core of the problem as it is seen by 
the authors (with respect to a particular region in 
Bulgaria) ; 
b) to indicate the technical-economic data used in the 
calculations and their significance for the conclusions; 
C) to show the results of the implementation of the integer 
program solution and to discuss their stability. 
STATEMENT OF THE PROBLEM 
Regions with a developed agricultural production and/or food 
processing industries have substantial cellulose residues such 
as : 
-- crop waste, sugar cane, threshing, crop stubble; 
-- animal dung; 
-- oil cakes, pressed mud from sugar factories, etc. 
At present, these are partially utilized, after intermediate 
storage, as fertilizer, or burnt or destroyed by some other means, 
with harmful effects on environmental quality. This in turn 
results in additional expenditure. One way of utilizing fully 
agricultural by-products, and a means of cutting storage ano 
processing costs, is transformihg them into.bioqas and sludge (the 
latter which has great value as a fertilizer) by means of an 
established process of anaerobic digestion. 
This process is characterized by several factors: 
-- the need to collect and transport the residues to the 
place of treatment; 
-- the capital and 0 6 M costs of installing the digesters 
which depends to a great extent on the scale of biogas 
production; 
-- sludge and biogas have separate storage requirements; 
-- product distribution depends on consumption patterns 
and means of transportation; 
-- the utilization of non-conventional energy sources (such 
as solar heating) in order to accelerate the process of 
anaerobic digestion requires substantial amounts of 
additional capital; and 
-- the corresponding adjustment of the existing burners 
utilized also requires additional investment. 
The importance of considering the overall implications of 
the introduction of this technology leads to the need for a 
comprehensive evaluation of its effectiveness. An evaluation of 
this kind was carried out in an agricultural region in Bulgaria 
(namely, the Silistra region). In order to include all the costs 
of the process and to choose optimal levels of production and 
storage under the given set of constraints, and supply and 
demand patterns, a linear programming model was constructed by 
Prof, M. Albegov and T. Balabanov with the assistance of Dr. 
Pitelin from the Central blathematics Economics Institute of the 
Academy of Sciences of the U,S.S.R. 
The model considers the following items: 
-- agricultural residues, treated as transportable (e.g, 
straw) and non-movable (e .g. animal manure) , are 
distributed in several locations (see Figure 1, a 
simplified example) ; 
-- for each of the locations 1-7, seasonal patterns of 
residue production and fertilizer and biogas consumption 
are assumed; 
-- several (up to 6) production capacities (for the digester) 
are considered in order to be able to take into account 
the scale of the economy; 
-- the production system under consideration is described 
in Figure 2; 
-- it is assumed that the production system could be located 
in either of the locations 6 & 7; 
-- the products (biogas and sludge for fertilizer) could be 
transported to each of the locations 1-7; and 
-- the objective of the model is to maximize the replacement 
of conventional fuels (such as oil, gas or coal) and 
fertilizers, 
A Description of the Case Study for the Silistra Region 
This region has the following features: 
-- 7 locations of residue concentration and product 
consumption 
-- after a preliminary analysis, 3 of the 7 locations having 
digester installations were chosen; 
1, 2 ,  3 ,  ..., 7 p o i n t s  of  c o n c e n t r a t i o n  o f  t h e  r e s i d u e s  
6 & 7 p o s s i b l e  l o c a t i o n s  o f  t h e  d i g e s t e r ,  c o i n c i d i n g  
'wi th  t h e  c o n c e n t r a t i o n  o f  t h e  non-movable r e s i d u e s  
t r a n s p o r t a t i o n  d i s t a n c e s  m u l t i p l i e d  by t h e  ave r age  
s p e c i f i c  t r a n s p o r t a t i o n  c o s t  o f  raw m a t e r i a l s  ( i n  
o p p o s i t e  d i r e c t i o n  g a s  and f e r t i l i z e r s  a r e  d e l i v e r e d  
i n c l u d i n g  co r r e spond ing  c o s t s )  
F i g u r e  1 .  Sample o f  t h e  l a y o u t  o f  t h e  l o c a t i o n s  and t h e i r  t r a n s -  
p o r t a t i o n  i i n k s  f o r  t h e  r e g i o n  under  c o n s i d e r a t i o n .  
Crop r e s i d u e s  El 
Figure  2 .  The product ion  i n  t h e  system under c o n s i d e r a t i o n .  
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-- t r a n s p o r t a t i o n  d i s t a n c e s  (km) were assuned  t o  co r respond  
w i t h  t h e  e x i s t i n g  road  network,  and a t r a n s p o r t a t i o n  c o s t  
o f  a p p r o x i m a t e l y  0 ,1  lv / t .km was c a l c u l a t e d ;  
-- f o u r  t y p e s  o f  r e s i d u e  were c o n s i d e r e d :  
1.  a g r i c u l t u r a l  r e s i d u e s  (movable) ;  
2 .  p i g  manure (movab le ) ;  
3 .  p o u l t r y  (movable) ; 
4 .  c a t t l e  manure (non-movable) . 
The problem was f o r m u l a t e d  b e a r i n g  i n  mind s e a s o n a l  d i f f e r -  
e n t i a t i o n s  i n  r e s i d u e  p r o d u c t i o n  d u r i n g  t h r e e  p e r i o d s  o f  f o u r  
months each  ( J a n u a r y - A p r i l ,  May-August, September-December). 
The p a t t e r n  o f  maximal consumption of  t h e  p r o d u c t s  (1  = b i o g a s ;  
2 = s l u d g e  f o r  f e r t i l i z e r )  i n  t h e  r e g i o n  under  a n a l y s i s  is  shown 
i n  T a b l e  1 where b i o g a s  consumption is  measured i n  106m3/per iod  
and s l u d g e  consumption i s  measured i n  1 0 3 t / t i m e  p e r i o d .  
The R e s u l t s  
The r e s u l t s  showed t h a t  t h e  j u s t i f i e d  p r o d u c t i o n  c a p a c i t i e s  
f o r  each  p o i n t  a r e  150, 50 and 50 106m3 b i o g a s  p e r  y e a r  ( T a b l e  
3 ) .  F e r t i l i z e r  s t o r a g e  was b u i l t  i n  two o f  t h e  l o c a t i o n s  w i t h  
a  s t o r a g e  c a p a c i t y  o f  1 8 . 2 7  and 14.54 1 0 ~ t / ~ e a r .  F e r t i l i z e r s  
s t o r e d  i n  t h e  second p e r i o d  o f  t i m e  a r e  used  i n  t h e  t h i r d  p e r i o d  
o f  t i m e  i n  accordance  w i t h  t h e  consumption s c h e d u l e .  F e r t i l i z e r  
d i s t r i b u t i o n  e n a b l e s  t h e  f u l f i l m e n t  o f  t h e  consumption s c h e d u l e  
i n  a l l  of t h e  p o i n t s .  
I t  i s  c l e a r  t h a t  t h e  c o n s t r u c t i o n  o f  d i g e s t e r s  i s  h i g h l y  
e f f i c i e n t :  w h i l e  t h e  sum of  d i s c o u n t e d  c a p i t a l  i n v e s t m e n t s  
0 & M and t r a n s p o r t a t i o n  c o s t s  d i d  n o t  exceed 1 , 9 . 1 0 ~  l e v a  a n n u a l l y ,  
t h e  y e a r l y  b e n e f i t  i s  2 . 2  l o 6  l e v a .  T h i s  means t h a t  w h i l e  t h e  
p r i c e s  o f  f u e l s  and f e r t i l i z e r s  remain a t  t h e i r  e x i s t i n g  h i g h  
l e v e l ,  t h e  c o n s t r u c t i o n  of  l a r g e  d i g e s t e r s  and s t o r a g e s  i s  v e r y  
e f f i c i e n t .  
Table 1. Seasonal  v a r i a t i o n  i n  consumption. 
Four p roduc t ion  c a p a c i t i e s  were in t roduced  whose c o s t s  of 
c o n s t r u c t i o n  and e x p l o i t a t i o n  a r e  shown i n  Table 2. 
Table 2. Cost of c o n s t r u c t i o n  and e x p l o i t a t i o n .  
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P r i c e s  of f u e l  and f e r t i l i z e r s  a r e  very impor tan t  f o r  t h e  
economic e f f i c i e n c y  of t h e  d i g e s t e r  c o n s t r u c t i o n .  Bearing i n  
mind t h e  high l e v e l  of f u e l  p r i c e s  i n  Bu lga r i a ,  t h e  p r i c e  of 
s u b s t i t u t e d  f u e l  was chosen: 250 l e v a / t  o i l ,  ( o r  125 l eva /  
1000m3 b i o g a s ) ,  and a  c o n d i t i o n a l  p r i c e  was given f o r  f e r t i l i z e r  
s ludge:  70 l e v a / t .  
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FARM AND COl.IMUNITY SCALE 
ETHANOL PRODUCTION 
Roy Black ,  John Wal le r  and J o n  B a r t h o l i c  
INTRODUCTION 
The o b j e c t i v e  o f  t h i s  p a p e r  i s  t o  o u t l i n e  key i s s u e s  i n  t h e  
p r o d u c t i o n  o f  e t h a n o l  a t  t h e  farm and community l e v e l s  and t o  
i l l u s t r a t e  t h e  r e s e a r c h  paradigm used  by t h e  I-l ichigan S t a t e  
U n i v e r s i t y  A g r i c u l t u r a l  Experiment  S t a t i o n  and C o o p e r a t i v e  
E x t e n s i o n  S e r v i c e  i n  approach ing  t h e s e  q u e s t i o n s .  A d d i t i o n a l l y ,  
i n f e r e n c e s  t h a t  can  b e  e x t r a p o l a t e d  t o  . l a r g e  s c a l e  p r o d u c t i o n  
t h a t  w i l l  b e  d i s c u s s e d .  Our f o c u s  i s  upon t h e  i n t e g r a t i o n  o f  
b i o l o g i c a l  sys tems ,  i n  c o n j u n c t i o n  w i t h  p h y s i c a l  s y s t e m s ,  t h a t  
i s  r e q u i r e d  by t h e  r e d u c t i o n  i n  l i q u i d  f u e l s  t h a t  s o c i e t y  f a c e s .  
KEY ISSUES 
The d e b a t e  o v e r  t h e  e f f i c a c y  o f  e t h a n o l  p r o d u c t i o n  from 
f e e d  g r a i n s  h a s  been f a r  r a n g i n g ,  w i t h  two p o l a r  c a s e s  t h a t  are 
i l l u s t r a t i v e .  On t h e  one  hand,  it  may be  a rgued  t h a t  t h e  p r e v a l e n t  
" s t a t e - o f - n a t u r e "  i s  one o f  e x c e s s i v e  s u p p l i e s  o f  f e e d  g r a i n s  i n  
Nor th  America and t h a t  t h e s e  s u p p l i e s  ough t  t o  b e  used  i n  t h e  
p r o d u c t i o n  o f  e t h a n o l  t o  r e d u c e  Nor th  America's dependence upon 
impor ted  o i l .  I n  c o n t r a s t ,  a  second g roup  b e l i e v e s  a l c o h o l  
p r o d u c t i o n  fe rmen ted  from f e e d  g r a i n s  r e s u l t s  i n  no n e t  g a i n  i n  
l i q u i d  f u e l  p r o d u c t i o n .  I t ' s  l i k e  p l a n t i n g  a b u s h e l  o f  c o r n  t o  
g e t  a b u s h e l  back.  
MSU s c i e n t i s t s  began by a s k i n g  " i f  done p r o p e r l y ,  c a n  
a l c o h o l  p r o d u c t i o n  from c o r n  c o n t r i b u t e  t o  n e t  l i q u i d  f u e l  
s u p p l i e s ? "  Second, i f  n e t  f u e l  s u p p l i e s  c a n  b e  enhanced,  "Under 
what c o n d i t i o n s  is  e t h a n o l  p r o d u c t i o n  f o r  f u e l  economica l ly  
v i a b l e ? "  and "Is t h e  p o t e n t i a l  impact  t o  n a t i o n a l  g a s o l i n e  
s u p p l i e s  and f o r  a g r i c u l t u r a l  m a r k e t s  s i g n i f i c a n t ? "  
UNRAVELING THE ISSUES 
Tab le  1 d e p i c t s  a n  e s t i m a t e  o f  t h e  energy  r e q u i r e d  i n  t h e  
p r o d u c t i o n  o f  c o r n ,  i n c l u d i n g  t h e  energy  embodied i n  t h e  f e r t i l -  
i z e r ,  h e r b i c i d e s ,  and p e s t i c i d e s ,  and i n  t h e  p r o d u c t i o n  o f  e t h a n o l  
from c o r n .  U s e  o f  c o r n  i s  assumed s i n c e  it is t h e  dominant  f e e d  
g r a i n  i n  t h e  Uni ted  S t a t e s ,  and t h e  most wide ly  d i s c u s s e d  "nea r  
te rm" c a n d i d a t e .  The i m p l i c a t i o n s  o f  t h e  energy  b a l a n c e s  a r e  
c l e a r .  I f  l i q u i d  f u e l s  a r e  used  thoughout  i n  t h e  p r o d u c t i o n  o f  
c o r n ,  i n  t h e  f e r m e n t a t i o n  and d i s t i l l a t i o n  o f  e t h a n o l ,  and i n  
t h e  d r y i n g  o f  t h e  by-product  ( d i s t i l l e r s  d r y  g r a i n s  w i t h  s o l u a b l e s ,  
DDGS) t h e r e  w i l l  be 0 .25  g a l l o n  o f  " g a s o l i n e  e q u i v a l e n t "  r e d u c t i o n  
i n  l i q u i d  f u e l  s u p p l y  p e r  g a l l o n  o f  e t h a n o l  produced.  I n  c o n t r a s t ,  
i f  s o l i d  f u e l s  such  a s  wood o r  c o a l  are u s e d ,  t h e  n e t  g a i n  can  b e  
a s  h i g h  a s  0 . 8 0  g a l l o n  p e r  g a l l o n  e r h a n o l  produced.  Thus, poten-  
t i a l  g a i n s  e x i s t  and it i s  r e l e v a n t  t o  a s k  " I s  e t h a n o l  p r o d u c t i o n  
from c o r n  economic?" and "What s i z e  o f  p l a n t  is  o p t i m a l ? "  
There a r e  s u b s t a n t i a l  economies o f  s i z e ,  p a r t i c u l a r l y  c a p i t a l  
and equipment  i n  a l c o h o l  p l a n t .  The i n v e s t m e n t  p e r  g a l l o n  i n  a  
community s c a l e  p l a n t  o f  5  m i l l i o n  g a l l o n s  o f  e t h a n o l  p e r  y e a r  
is  two t o  t h r e e  t i m e s  l a r g e r  t h a n  o f  a  50 m i l l i o n  g a l l o n  p e r  y e a r  
p l a n t .  Economies a c c r u e  and l a b o r  and m a r k e t i n g  a s  w e l l .  F u r t h e r ,  
a  s i z e  i s  reached  a t  which t h e  ca rbon  d i o x i d e  t h a t  i s  produced 
d u r i n g  f e r m e n t a t i o n  is  economica l ly  v i a b l e ,  and is c l o s e l y  t i e d  
t o  r e l a t e d  i n f r a s t r u c t u r e  i n  t h e  manufac tu r ing  i n d u s t r i e s .  
Where, t h e n ,  d o e s  e t h a n o l  p r o d u c t i o n  a t  s m a l l e r  s c a l e s  f i t ,  
o r  w i l l  it n o t  be  economic? On farm and s m a l l e r  s c a l e  p r o d u c t i o n  
o f f e r s  t h r e e  o p p o r t u n i t i e s  f o r  enhanc ing  energy  g a i n  and economics.  
I f  c o r n  can  be used i n  a  h i g h  m o i s t u r e  form, 20 t o  30% o f  t h e  
energy  used i n  c o r n  p r o d u c t i o n  c a n  b e  e l i m i n a t e d .  F u r t h e r ,  if 
c o r n  i s  grown i n  r o t a t i o n  w i t h  a  legume o r  i f  i n t e r p l a n t i n g  w i t h  
legumes c a n  be  a c h i e v e d  w i t h o u t  s a c r i f i c i n g  y i e l d ,  a n  a d d i t i o n a l  
20 t o  30% o f  t h e  energy  r e q u i r e d  c a n  b e  saved .  I f  p r o p e r l y  i n t e -  
g r a t e d ,  t h e  t r a n s p o r t a t i o n  l i n k a g e  t o  h a u l  c o r n  t o  t h e  e t h a n o l  
p l a n t  i s  e l i m i n a t e d  i f  t h e  e t h a n o l  p l a n t  i s  on t h e  farm. I f  t h e  
e t h a n o l  can  be  used i n  t h e  a g r i c u l t u r a l  o p e r a t i o n s  w i t h o u t  b e i n g  
i n  anhydrous  form, 20 t o  30% o f  t h e  energy  used i n  d i s t i l l a t i o n  
c a n  b e  saved ,  and i f  t h e  by-product  c a n  b e  f e d  on t h e  farm t h e  
energy  r e q u i r e d  f o r  d r y i n g ,  which i s  25 to  35% o f  t h e  d i s t i l l a t i o n  
and d r y i n g  t o t a l ,  c a n  b e  saved .  A d d i t i o n a l l y ,  t h e  t r a n s p o r t a t i o n  
o f  t h e  by-product  from t h e  e t h a n o l  p l a n t  t o  f e e d  m a n u f a c t u r e r s  
and back t o  t h e  farm c a n  b e  e l i m i n a t e d .  L a s t ,  a  n o n - l i q u i d  energy  
s o u r c e ,  such  a s  biomass from t h e  farm is  r e q u i r e d  t o  c l o s e  t h e  
l i n k a g e  and t o  m e e t  t h e  o b j e c t i v e  o f  r e d u c i n g  t h e  usage  o f  l i q u i d  
f u e l s  i n  t h e  e n t i r e  e t h a n o l  p r o d u c t i o n  Drocess .  T h e ' p o t e n t i a l  n e t  
g a i n  i s  a s  h i g h  a s  7 q a l l o n s  e t h a n o l / g a l l o n  ( l i q u i d  f u e l  g a s o l i n e  
e g u i v a l e n t )  used  i n  i t s  p r o d u c t i o n .  Tha t  compares w i t h  a  n e t  g a i n  
o f  3.0 q a l l o n s  i n  a  w e l l  i n t e g r a t e d  i n d u s t r i a l  s c a l e  p l a n t .  
Table  1 ( a )  Energy Required  i n  Corn Produc t ion .  
Pe r cen t  o f  Energy 
Opera t ion  Used 
T i l l a g e  
F e r t i l i z e r  
H e r b i c i d e  and P e s t i c i d e  Use 3.0 
Harves t  2.5 
Drying 28.0 
T r a n s p o r t a t i o n  5.6 
SOURCE: CAST Repor t  68,  1977; Energy U s e  i n  A g r i c u l t u r e ,  
DOE ( 1  979) ; and USDA ( 1  980) . Pe rcen t ages  v a r y  
w i t h  s o i l  management group,  c u l t u r a l  p r a c t i c e s ,  
and management. 
Tab le  1 ( b )  Energy Required t o  Produce One Gal lon  o f  Ethanol  
from Corn ( g a l l o n s  o f  g a s o l i n e  e q u i v a l e n t s ) .  
Energy 
Task Deb i t  C r e d i t  
Corn P r o d u c t i o n  .30  - . 4 0  
Ethano l  P r o d u c t i o n ,  
i n c l u d i n g  d r y i n g  DDGS 1 
Ethano l  ( 1  g a l l o n )  2 
By-product C r e d i t  J . 1 1  - .12 
Energy Saved i n  r e f i n i n g  
by o c t a n e  enhancement .06 
'vendors o f  new techno logy  c l a i m  0.35 - 0 .40  i s  f e a s i b l e  w i th  
c u r r e n t  energy  r eco v e r y  t e c h n i q u e s .  L iqu id  f u e l  use  ( g a s o l i n e ,  
d i e s e l ,  n a t u r a l  g a s )  i s  n e a r  z e r o  f o r  t h i s  phase  i f  c o a l  o r  
wood i s  used.  
Assumes a 2  t o  3% i n c r e a s e  i n  the rmal  e f f i c i e n c y  o f  combustion 
when e t h a n o l  i s  combined w i t h  g a s o l i n e  a t  low r a t e s .  
Energy r e l e a s e d  by n o t  growing and p r o c e s s i n g  52% Soybean Meal: 
48% Corn " p r o t e i n  supplement"  t h a t  h a s  t h e  same c rude  p r o t e i n  
and energy  a s  DDGS. 
SOURCE: Black and C h r i s t e n s o n  (1980) ; DOE (1979) . 
W e  have  i l l u s t r a t e d  some o f  t h e  p r e c o n d i t i o n s  n e c e s s a r y  f o r  
e n h a n c i n g  l i q u i d  f u e l  g a i n s  by s m a l l ,  and p o t e n t i a l l y  community 
scale, p r o d u c t i o n .  The n e x t  q u e s t i o n  t h a t  mus t  b e  a s k e d ,  is,  
"Can t h e s e  problems b e  s o l v e d ? "  and  i f  t h e y  c a n  b e  s o l v e d ,  " W i l l  
t h e  r e s u l t a n t  economic g a i n  make t h e  s m a l l  scale p l a n t  p o t e n t i a l l y  
c o m p e t i t i v e  w i t h  t h e  l a r g e  scale p l a n t  where  economies  o f  s i z e  
p r e v a i l ? "  
RESEARCH PARADIGM 
Michigan S t a t e  U n i v e r s i t y  i n v e s t i g a t o r s  a n a l y z e d  t h e  ques-  
t i o n s  r a i s e d  and  conc luded  t h a t  t h e  a n s w e r s  t o  p o t e n t i a l  t e c h n i c a l  
and economic e f f i c a c y  w e r e  p o s i t i v e .  A program was initiated 
aimed a t  e a c h  o f  t h e s e  i s s u e s .  The a n a l y t i c a l  framework, de- 
p i c t e d  i n  F i g u r e  1 ,  t a k e s  a whole f a r m  a p p r o a c h  and  l o o k s  a t  each  
o f  t h e  l i n k a g e s  i n  a n  i n t e g r a t e d  b i o l o g i c a l  c o n t e x t .  The whole 
f a rm "model" w a s  r u n  u n d e r  c o n v e n t i o n a l  t e c h n o l o g y  and  unde r  o u r  
b e s t  estimate o f  what  t h e  p a r a m e t e r s  would b e  i f  r e s e a r c h  w e r e  
s u c c e s s f u l  ( P a r s c h ,  e t  a l ,  1980; J a c k s o n ,  e t  a l ,  1 9 8 0 ) .  L i n k a g e s ,  
as c a n  be  s e e n ,  i n v o l v e  c r i t l c a l  t i e s  between f e e d  production and 
l i v e s t o c k  d i e t s ,  i n  l a b o r  u t i l i z a t i o n  across s u b s y s t e m s ,  i n  t h e  
r e l a t i o n s h i p  between f e r m e n t e d  f e e d s  and  t h e  p r e s e n c e  o f  t h e  
p r o t e c t e d  p r o t e i n  by -p roduc t  DDGS i n  t h e  a n i m a l  d i e t s ,  o f  t h e  
r e l a t i o n s h i p  between p r o t e i n  b a l a n c e  from a l f a l f a  v e r s u s  DDGS i n  
t h e  a n i m a l  d i e t s ,  and  b a l a n c e  o f  e n e r g y  r e q u i r e d  i n  t h e  p r o d u c t i o n  
o f  c o r n  t h r o u g h  i t s  i n t e g r a t i o n  w i t h  legumes .  F a i l u r e  t o  p l a c e  
t h e  q u e s t i o n  i n  t h i s  c o n t e x t  dooms a n a l y s e s  t o  f a i l u r e  by b o t h  
u n d e r s t a t i n g  p o t e n t i a l  g a i n s  i n  some i n s t a n c e s ,  w h i l e  o v e r s t a t i n g  
g a i n s  i n  o t h e r s .  
Research  was d i v i d e d  i n t o  s i x  subsys t ems :  e n e r g y  p r o d u c t i o n  
f o r  s t eam f rom biomass  ( e . g .  c o r n  s t a l k s ,  c o r n  c o b s ) ;  p r e p a r a t i o n ,  
cook ing  and f e r m e n t a t i o n  o f  a l t e r n a t i v e  f e e d s t o c k s  i n c l u d i n g  d r y  
(15% m o i s t u r e )  and  h i g h  m o i s t u r e  (25  t o  30% m o i s t u r e )  c o r n ,  s u g a r  
b e e t s ,  p o t a t o e s ,  and  f r u i t  and v e g e t a b l e  p r o c e s s i n g  i n d u s t r y  w a s t e ;  
d i s t i l l a t i o n  o f  e t h a n o l  f rom s o l u t i o n  i n c l u d i n g  c o n s i d e r a t i o n  o f  
t h e  e n e r g y  and  economic i m p a c t s  o f  d i s t i l l a t i o n  t o  a l t e r n a t i v e  
p e r c e n t a g e s  o f  e t h a n o l ;  by-product  (i .e. d i s t i l l e r s  g r a i n s )  hand- 
l i n g ,  s t o r a g e ,  and  f e e d i n g ;  u t i l i z a t i o n  o f  e t h a n o l ;  and economics ,  
management, and  e n e r g y  b a l a n c e  a n a l y s i s .  The n e x t  s e c t i o n  w i l l  
o u t l i n e  r e s e a r c h  i n i t i a t e d  i n  e a c h  o f  t h e s e  areas, and r e s u l t s  
t o  d a t e .  
RESEARCH SUBSYSTEMS 
Overview 
MSU s c i e n t i s t s  have  t a k e n  a  g e n e r a l ,  a s  c o n t r a s t e d  t o  sit-  
u a t i o n  s p e c i f i c ,  r e s e a r c h  a p p r o a c h .  M u l t i - d i s c i p l i n a r y  teams 
w i t h  p a r t i c i p a n t s  f rom a g r i c u l t u r a l  a n d  c h e m i c a l  e n g i n e e r i n g ,  
a g r i c u l t u r a l  economics ,  agronomy, a n i m a l  s c i e n c e  and  m i c r o b i o l o g y  
have  deve loped  a r e s e a r c h  p h i l o s o p h y  t h a t  f o c u s e s  upon t h e  d e v e l -  
opment o f  s i m u l a t i o n  models  t o  p e r m i t  i n f e r e n c e s  t o  s p e c i f i c  
s i t u a t i o n s  b a s e d  upon a knowledge o f  g e n e r a l  s y s t e m  p r o p e r t i e s .  
Thus,  e x p e r i m e n t a l  d e s i g n s  f o c u s  upon more t h a n  " t r e a t m e n t "  
e f f e c t s ;  t h e  e s t i m a t i o n  o f  subsys t em and  s y s t e m  model p a r a m e t e r s  
F i g u r e  1.  O v e r a l l  s y s t e m s  d i a g r a m .  
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C r o p p i n g  S e r v i c e  
 ransp sport service: V e h i c l e s  
is a p r i m a r y  o b j e c t i v e .  The " h a r d w a r e " ,  whenever  p o s s i b l e ,  is  
h i g h l y  c o n t r o l l a b l e  and  h a s  e x t e n s i v e  m o n i t o r i n g  c a p a b i l i t i e s ,  and  
c o n t r o l  i n c l u d e s  t h e  a b i l i t y  t o  s i m u l a t e  t h e  c o n s e q u e n c e s  o f  
nonop t ima l  o p e r a t i n g  s t r a t e g i e s .  
The deve lopmen t  o f  g e n e r a l  s y s t e m s  m o d e l l i n g  c a p a b i l i t y  
f a c i l i t a t e s  c o m m e r c i a l i z a t i o n  s i n c e  a n  a b i l i t y  e x i s t s  t o  d e v e l o p  
"good" d e s i g n  and  management s y s t e m s  f o r  s i t e  s p e c i f i c  a p p l i c a -  
t i o n s .  Too, t h e  c o n c e p t  i s  c o n s i s t e n t  w i t h  o b j e c t i v e s  o f  MSU's 
C o o p e r a t i v e  E x t e n s i o n  S e r v i c e  programs i n  t e c h n o l o g y  and  manage- 
ment deve lopmen t  and  t r a n s f e r .  
An example f rom t h e  l i v e s t o c k  and  p o u l t r y  f e e d i n g  and  n u t r i -  
t i o n  s u b s y s t e m  w i l l  be u s e d  t o  add  c o n c r e t e n e s s  t o  t h e  c o n c e p t s  
d i s c u s s e d .  The u n i q u e  p r o t e i n  c h a r a c t e r i s t i c s  o f  t h e  by -p roduc t  
o f  e t h a n o l  p r o d u c t i o n  f rom c o r n ,  d i s t i l l e r s  g r a i n s  w i t h  s o l u a b l e s  
(DDGS) p r o v i d e s  a f o c a l  p o i n t .  MSU s c i e n t i s t s ,  and  o t h e r s ,  h a v e  
d e v e l o p e d  b i o l o g i c a l  s i m u l a t i o n  models  o f  t h e  l a c t a t i n g  d a i r y  
cow and  t h e  g rowing  a n d  f i n i s h i n g  f e e d l o t  a n i m a l  ( e . g .  Be rgen ,  
e t  a l ,  1978; Fox, e t  a l ,  1977; H lub ik ,  e t  a l ,  1980; W a l l e r ,  e t  a l ,  
1979;  W a l l e r ,  e t  a l ,  1 9 8 0 ) .  These  models  w e r e  d e v e l o p e d :  t o  
p r o v i d e  a framework f o r  u n d e r s t a n d i n g  b i o l o g i c a l  s y s t e m  i n p u t /  
o u t p u t  r e l a t i o n s h i p s ;  t o  o b t a i n  a  bet ter  u n d e r s t a n d i n g  o f  r e s e a r c h  
n e e d s ;  and  t o  g i v e  a framework f o r  deve lopmen t  o f  s i t e  s p e c i f i c  
f e e d i n g  s y s t e m s  i n c l u d i n g  amounts  t o  f e e d  p e r  a n i m a l  p e r  day  
a n d  economic i m p l i c a t i o n s .  These  models  i n c l u d e  e x p l i c i t  
c o n s i d e r a t i o n  o f  key c h a r a c t e r i s t i c s  o f  f e e d s t u f f s  and  i n c l u d e  
t h e  i m p a c t  o f  method o f  h a r v e s t  and  p r e s e r v a t i o n  o n  t h e s e  c h a r a c -  
t e r i s t ics .  Too, t h e  s y s t e m  m o d e l l i n g  a p p r o a c h  p e r m i t s  i n t e g r a t i o n  
o f  i n f o r m a t i o n  f rom a w i d e  r a n g e  o f  e x p e r i m e n t a l  g r o u p s ,  t h u s  n o t  
r e s t r i c t i n g  i n f e r e n c e s  and  s y s t e m  d e s i g n  and  management recommenda- 
t i o n s  t o  MSU i n v e s t i g a t i o n s .  
The i s s u e  i s  n o t  "Can DDGS be f e d ? " ,  b u t  "How c a n  t h e  
f a r m e r  and  t h e  f e e d l o t  manager  u t i l i z e  t h e  DDGS t o  o p t i m i z e  i t s  
v a l u e ? " .  Thus,  t e c h n o l o g y  t r a n s f e r  i n c l u d e s  deve lopmen t  o f  f i e l d  
c a l c u l a t o r  and  compu te r  mode l s ,  a d o p t e d  f rom t h e  r e s e a r c h  mode l s ,  
t h a t  c a n  be u s e d  by f e e d  m a n u f a c t u r e r  s a l e s m e n  and  by u n i v e r s i t y  
a g r i c u l t u r a l  e x t e n s i o n  a g e n t s  when work ing  w i t h  i n d i v i d u a l  and  
s m a l l  g r o u p s  o f  f a r m e r s  (B lack  and  Fox, 1978; B lack  and  H l u b i k ,  
1 9 8 0 ) .  
Energy P r o d u c t  i o n  
A number o f  i n s t i t u t i o n s  i n  Nor th  A m e r i c a  a r e  i n v e s t i g a t i n g  
a l t e r n a t i v e  means o f  p r o d u c t i o n  o f  s t e a m  f rom b iomass  i n c l u d i n g  
d i r e c t  f i r i n g  and  g a s i f i c a t i o n .  D r .  S r i v a s t a v a  o f  MSU's 
A g r i c u l t u r a l  ~ n g i n e e r i n g  Depa r tmen t ,  f o r  example ,  i s  work ing  on  
t h e  deve lopmen t  o f  g a s i f i c a t i o n  u n i t s  t h a t  c o u l d  u s e  e i t h e r  c o r n  
s t a l k s  or  c o b s .  Economic s t u d i e s  by L o e w e r ,  e t  a l ,  1980,  i n d i -  
c a t e  t h i s  p r a c t i c e  w i l l  become economic by t h e  mid 1 9 8 0 ' s  i f  
n a t u r a l  g a s  p r i c e s  c o n t i n u e  t o  rise a t  r e c e n t  rates .  
The e t h a n o l  p r o d u c t i o n  u n i t  a t  t h e  MSU Beef C a t t l e  R e s e a r c h  
C e n t e r  u s e s  n a t u r a l  g a s  as a n  e n e r g y  s o u r c e  f o r  t h e  s t e a m  b o i l e r .  
The o b j e c t i v e ,  however ,  i s  t o  o b t a i n  a  c o n t r o l l a b l e  s o u r c e  w i t h  
t h e  a b i l i t y  t o  v a r y  steam o u t p u t  i n  a  known way f o r  t h e  c o o k i n g ,  
f e r m e n t a t i o n  and  d i s t i l l a t i o n  p h a s e s .  The f i n a l  f a r m i n g  s y s t e m s  
a n a l y s i s ,  however ,  w i l l  i n c l u d e  a  s i m u l a t i o n  framework t h a t  
i n t e g r a t e s  S r i v a s t a v a ,  and o t h e r s ,  r e s e a r c h .  
A l t e r n a t i v e  Feeds tocks  
Michigan, because  o f  i t s  v a r i e d  c l i m a t e  and s o i l  management 
g roups ,  r a i s e s  a  wide range  o f  commodities and i s  i n  t h e  t o p  
f i v e  s t a t e s  i n  t h e  Uni ted  S t a t e s  i n  t h e  p roduc t i on  o f  25 
commodities.  A s  a  consequence,  t h e r e  a r e  a  l a r g e  number o f  
a l t e r n a t i v e  f e e d s t o c k s ,  i n c l u d i n g  was tes  from t h e  f r u i t  and 
v e g e t a b l e  p r o c e s s i n g  i n d u s t r y .  I n i t i a l  work was begun w i t h  15 
p e r c e n t  mo i s tu r e  c o r n  a s  a  r e f e r e n c e ,  o r  s t a n d a r d ,  f e e d s t o c k .  
The p roduc t ion  s c a l e  ( a s  c o n t r a s t e d  t o  bench s c a l e )  p roduc t i on  
u n i t  h a s  been i n  o p e r a t i o n  f o r  two months. S t a r c h  removal and 
conve r s ion  t o  g l u c o s e  ha s  r e s u l t e d  i n  2 . 3  t o  2 . 5  g a l l o n  (100% 
a l c o h o l  e q u i v a l e n t )  p e r  bushe l  o f  co rn .  Tha t  compares favor -  
a b l y ,  i n  a  s t a r t  up mode and w i th  s imp le  p r o c e s s e s ,  w i t h  2 . 6  
g a l l ons /bushe l  i n  t h e  beverage  a l c o h o l  i n d u s t r y .  I n i t i a l  work 
has  begun on h igh  m o i s t u r e  c o r n  and t h e  r e s u l t s  l ook  promis ing.  
The l a c t a t e  which r e s u l t s  from f e rmen ta t i on  d u r i n g  e n s i l i n g  
r e duces  t h e  p o t e n t i a l  y i e l d ,  b u t  t h i s  has  been p a r t i a l l y  o f f s e t  
by t h e  e a s e  w i t h  which t h e  s t a r c h  can be s e p a r a t e d  from t h e  
c o r n  k e r n e l .  Work is c u r r e n t l y  underway which focuse s  on t h e  
impact of  a l t e r n a t i v e  s t o r a g e  s t r u c t u r e s  and management schemes 
on t h e  e x t e n t  o f  f e r m e n t a t i o n  o f  h i g h  mo i s tu r e  c o r n ,  hence l a c -  
t a t e  p roduc t  i o n .  
MSU f a c i l i t i e s  i n c l u d e  bench- level  f e rmen te r s  a s  w e l l  a s  
500 g a l l o n  f e r m e n t e r s ,  a  s i z e  t h a t  can be  r ea sonab ly  s c a l e d  
upwards t o  make i n f e r e n c e s  t o  l a r g e  s c a l e  sys tems .  I n i t i a l  
r e s e a r c h  p r o t o c o l  i s  developed u s ing  t h e  bench f ermente r ,  w i t h  
promis ing c a n d i d a t e s  t hen  s c a l e d  upwards t o  t h e  500 g a l l o n  
fe rmente r .  
The f e rmen ta t i on  and d i s t i l l a t i o n  p r o c e s s e s  have been 
s t u d i e d  from t h e  p o i n t  o f  view o f  "end p o i n t  c o n t r o l "  a s  con- 
t r a s t e d  t o  " t ime"  c o n t r o l .  Development o f  c o n t r o l  mechanisms 
which would pe rmi t  an  e t h a n o l  sys tem t o  run under au toma t i c  
c o n t r o l s ,  somewhat a s  a  con t i nuous  f low g r a i n  d r y e r  o p e r a t e s ,  
i s  under c o n s i d e r a t i o n .  
D i s t i l l a t i o n  
D i s t i l l a t i o n  d e s i g n  was coordinated w i t h  t h e  e t h a n o l  end 
u s e  d e s i g n .  Work has  shown t h a t  e t h a n o l  can be  used i n  turbo-  
charged d i e s e l  eng ine s  u s i n g  a l c o h o l  i n j e c t i o n  p r o c e s s e s  a t  
100 proof  (50% e t h a n o l ,  50% w a t e r )  . Thus, t h e  d i s t i l l a t i o n  
column was de s igned  by D r s .  Hawley and Grulke  of  t h e  Chemical 
Eng ineer ing  Department t o  pe rmi t  s t r i p p i n g  o u t  100 proof a l c o h o l  
from t h e  fermented f e e d s t o c k s  i n  t h e  f i r s t  phase .  The column, a  
p l a t e d  column, was de s igned  t o  pe rmi t  r e - d i s t i l l i n g  o f  t h e  a l co -  
ho l /wa te r  m ix tu r e  t o  upgrade a l c o h o l  t o  a s  much a s  190 p roo f .  
The column h a s  g l a s s  w a l l s  which pe rmi t s  o b s e r v a t i o n  o f  i t s  
p r o p e r t i e s ,  and can  be t aken  a p a r t  w i t h  p l a t e s  r e s t r u c t u r e d  i n  
a  number o f  ways t o  test  t h e  e f f i c a c y  o f  a l t e r n a t i v e  d e s i g n  and 
management sys tems .  A d d i t i o n a l l y ,  g l a s s  c o n s t r u c t i o n  ha s  proven 
e x c e p t i o n a l l y  f r u i t f u l  from a  demons t r a t i on  p e r s p e c t i v e .  
One o f  o u r  o b j e c t i v e s  i s  t o  work w i t h  e t h a n o l  p r o d u c t i o n  
u n i t  m a n u f a c t u r e r s  o n  s y s t e m  d e s i g n  and management. Too, a  
s y s t e m  t h a t  c a n  b e  used  a s  p a r t  o f  a n  i n s t r u c t i o n a l  program f o r  
f a r m e r s  and  o p e r a t o r s  o f  community s c a l e  e t h a n o l  p r o d u c t i o n  
u n i t s  is i m p o r t a n t .  
E t h a n o l  U s e  a s  a  L i q u i d  Fue l  
The f u e l  u s e  s u b s y s t e m  i n c l u d e s  t h r e e  components .  F i r s t ,  
a  s i m u l a t i o n  model o f  c a s h  g r a i n  and  l i v e s t o c k  f a rms  d e v e l o p e d  
by MSU s c i e n t i s t s  i s  b e i n g  used  t o  d e v e l o p  l o a d  f a c t o r s  t o  
b e t t e r  u n d e r s t a n d  t h e  c o n d i t i o n s  unde r  which e t h a n o l  would b e  
used .  Second,  a  d u e l  f u e l e d  d i e s e l  e n g i n e  and a s p a r k - i g n i t i o n  
e n g i n e  c o n v e r t e d  t o  u s e  a l c o h o l  are  b e i n g  s t u d i e d  i n  t h e  c o n t e x t  
o f  a l t e r n a t i v e  l o a d s  and  f i e l d  c o n d i t i o n s .  These  a r e  t a k i n g  
p l a c e  unde r  t h e  d i r e c t i o n  o f  D r .  Rotz o f  t h e  A g r i c u l t u r a l  
E n g i n e e r i n g  Depar tment .  T h i r d ,  by u n d e r s t a n d i n g  l o a d s  t h a t  w i l l  
e x i s t  and by u n d e r s t a n d i n g  t h e  p r o p e r t i e s  o f  e t h a n o l  unde r  
a l t e r n a t i v e  f u e l i n g  s u s t e m s ,  t h e  e f f i c a c y  o f  a l c o h o l  a s  a  f u e l  
can  be  examined u n d e r  t h e  wide r a n g e  o f  c o n d i t i o n s  which o c c u r  
i n  Michigan a g r i c u l t u r e ,  n o t  j u s t  a  p a r t i c u l a r  s i n g l e  c o n d i t i o n  
o b s e r v e d  i n  a  s t u d y .  R e s u l t s  o f  d u e l  f u e l i n g  i n d i c a t e  a  r e p l a c e -  
ment o f  2 5 %  d i e s e l  is p o s s i b l e  under  c e r t a i n  l o a d  c o n d i t i o n s .  
An i n c r e a s e  i n  t h e r m a l  e f f i c i e n c y  w i t h  a l c o h o l  as a f u e l  h a s  
a l s o  been  n o t e d .  
By-product  U s e  
The u t i l i z a t i o n  o f  t h e  by -p roduc t  i n  h i g h  m o i s t u r e  form 
i n v o l v e s  q u e s t i o n s  o f  s t o r a g e  and  h a n d l i n g  a s  w e l l  a s  f e e d i n g .  
Thus,  t h e  p r o t o c o l  w a s  t o  d e v e l o p  and c h a r a c t e r i z e  h a n d l i n g  and  
s t o r a g e  p r o p e r t i e s ,  p a r t i c u l a r l y  t h o s e  t h a t  r e s u l t  b e c a u s e  o f  
t h e  c o n t a m i n a t i o n  t h a t  o c c u r s  i n  t h e  p r a c t i c a l  o p e r a t i o n s  o f  
moving m a t e r i a l  t h r o u g h  p i p e s ,  t r o u g h s ,  and  o t h e r  v e h i c l e s .  
S t o r a g e  l i f e  h a s  been  r a n g e d  from a s  l i t t l e  a s  o n e  d a y  t o  as 
h i g h  as a week, d e p e n d i n g  on how t h e  m a t e r i a l  was h a n d l e d  and  
whe the r  it was done  unde r  l a b  o r  f i e l d  c o n d i t i o n s .  The o b j e c -  
t i v e  i n  t h e  MSU s t u d y  i s  t o  u n d e r s t a n d  c h a r a c t e r i s t i c s  unde r  
f i e l d  c o n d i t i o n s ,  and  t o  examine p o t e n t i a l  a d d i t i v e s  which 
migh t  e x t e n d  s t o r a g e  l i f e .  
C o n s i d e r a t i o n  o f  a l t e r n a t i v e  s e p a r a t i o n s  s y s t e m s  i s  i n -  
c l u d e d  i n  t h e  p r o j e c t .  T h i s  is  c r i t i c a l  f o r  " w i t h i n "  f e e d s t o c k s  
i s s u e s  s u c h  a s  t h e  u t i l i z a t i o n  o f  d i s t i l l e r s '  g r a i n s  v e r s u s  
d i s t i l l e r s '  s o l u a b l e s  f rom c o r n .  A l so ,  t h e  p r o p e r t i e s  o f  by- 
p r o d u c t s  f rom new e t h a n o l  s o u r c e s  s u c h  a s  f r u i t  and  v e g e t a b l e  
waste are l a r g e l y  unknown. 
N u t r i t i o n a l  work b e g i n s  w i t h  a  b i o l o g i c a l  model which 
p r o v i d e s  f o c u s  o n  t h e  s u b t l e t i e s  o f  p r o t e i n  and e n e r g y  metab- 
o l i s m ,  t h e n  i n v o l v e s  i n d i v i d u a l  an ima l  i n v i v o  s t u d i e s  t o  assess 
t h e  p a r a m e t e r s  t h a t  are  u s e d  i n  t h e  b i o l o g i c a l  s i m u l a t i o n  model,  
f eedback  u p d a t i n g  t h e  p a r a m e t e r s  o f  t h e  b i o l o g i c a l  model ,  and  
c o n c l u s i o n  w i t h  " f e e d  and  weigh" e x p e r i m e n t s  b a s e d  upon d i e t s  
e x p e c t e d  t o  o p t i m i z e  by -p roduc t s  n u t r i t i o n a l  p r o p e r t i e s .  T h a t  
i s ,  f e e d i n g  t r i a l s  are d e s i g n e d  b a s e d  upon r e g i m e s  p r e d i c t e d  
t o  b e  o p t i m a l  by t h e  b i o l o g i c a l  model;  t h e s e  by-product  d i e t s  
a r e  compared t o  well-known, s t a n d a r d  d i e t s ,  such  a s  u s e  o f  soy- 
bean meal o r  u r e a  a s  p r o t e i n  s o u r c e s .  Data g a t h e r e d  i n c l u d e  
a v e r a g e  d a i l y  g a i n ,  f e e d  e f f i c i e n c y ,  and c a r c a s s  q u a l i t y .  
Research ,  t o  d a t e ,  h a s  focused  on b i o l o g i c a l  model dev- 
elopment and u p d a t i n g ,  i n c l u d i n g  j o i n t  i n v e s t i g a t i o n s  w i t h  
t h e  N a t i o n a l  Research  Counci l  By-products subcommittee c h a i r e d  
by Wal le r ,  and animal  d r y  m a t t e r  i n t a k e  and i n  v i v o  s t u d i e s .  
Economics, Management, and Energy Balance  
The u l t i m a t e  q u e s t i o n  is ,  "When i n t e g r a t e d  i n t o  a  whole- 
farm c o n t e x t ,  what i s  t h e  economic e f f i c a c y  o f  a l t e r n a t i v e  
d e s i g n  and management s t r a t e g i e s ? "  Concomrnitantly, what a r e  
t h e  a s s o c i a t e d  l a b o r  and management s k i l l s  r e q u i r e d  f o r  a l t e r -  
n a t i v e  d e g r e e s  o f  f a rming  sys tem performance .  
RELEVANCE TO LARGER SCALE PRODUCTION UNITS 
ENERGY BALANCES, INCLUDING ENBODIED ENERGY FLOWS PRE- AND 
POST-INVESTIGATIONS 
Many o f  t h e  r e s u l t s  from t h e  s m a l l e r  s c a l e  d e s i g n  and 
management sys tems a r e  r e l e v a n t  t o  l a r g e r  s c a l e  u n i t s .  For  
example, t h e  outcome o f  f e e d i n g  exper iments  o f  h i g h  m o i s t u r e  
by-products  a r e  r e l e v a n t  f o r  community s c a l e  e t h a n o l  p r o a u c t i o n  
u n i t s  t h a t  a r e  i n t e g r a t e d  i n t o  l i v e s t o c k  p r o d u c t i o n  sys tems ,  a s  
w e l l  a s  i n  t h e  s m a l l e r  s c a l e  sys tem.  High m o i s t u r e  c o r n  i n v e s t i -  
g a t i o n s  can  be  t r a n s l a t e d  t o  any s i z e  o f  sys tem.  Work d e l i n e a t i n g  
t h e  impact  o f  s t o r a g e  sys tems  i s  o f  r e l e v a n c e  a c r o s s  a l l  s c a l e s  
of  o p e r a t i o n .  A d d i t i o n a l l y ,  t h e  p i l o t  s c a l e  n a t u r e  o f  t h e  sys tem 
a t  MSU i s  c r i t i c a l  i n  t h e  d e l i n e a t i o n  o f  t h e  e t h a n o l  p r o d u c t i o n  
p r o c e s s  from new p r o d u c t s  t h a t  have n o t  p r e v i o u s l y  been t r i e d .  
The c o n t r o l l a b l e  n a t u r e  and t h e  h i g h l y  moni tored  n a t u r e  o f  t h e  
MSU p r o c e s s  i s  p a r t i c u l a r l y  v a l u a b l e  h e r e .  
CONCLUSION 
I n s t i t u t i o n a l  a r rangements  f o r  s u c c e s s f u l  r e s e a r c h  i n c l u d e  
t h e  need f o r  m u l t i d i s c i p l i n a r y  teams,  c o n t r o l l a b l e  sys tems w i t h  
a d e q u a t e  m o n i t o r i n g ,  and t h e  a b i l i t y  t o  s i m u l a t e  from f i r s t  
p r i n c i p l e s  and e x i s t i n g  knowledge b a s e  t o  a  wide r a n g e  o f  a l t e r -  
n a t i v e  envi ronments .  MSU i n v e s t i g a t o r ' s  exper iments  have '  found 
o p e r a t i o n  under  t h a t  r e s e a r c h  ph i losophy  i s  n e c e s s a r y  f o r  s u c c e s s .  
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ENGINEERING FEASIBILITY FOR 
PRODUCTION OF ENERGY FROM 
FOOD PROCESSING WASTES 
Dennis R. Heldman 
INTRODUCTION 
The current research efforts at Michigan State University 
began in 1976. At that time a research proposal was funded by 
the National Science Foundation under the title "Food Losses and 
Wastes in the Domestic Food Chain of the United States". The 
overall objective of the research effort was to establish the 
magnitudes of food losses and wastes between harvest or assembly 
and delivery of the food product to the consumer. 
The research conducted leading to the results presented in 
the NSF report was divided into three parts: a) losses and 
wastes occurringbetween harvest or assembly and the processing 
plant, b) losses and wastes occurring during processing and 
packaging of the product and c) losses and wastes occurring 
during distribution of the packaged product to the eventual 
consumer. The research was conducted by an interdisciplinary 
team of research scientists from Agricultural Engineering, Food 
Science, Agriculture Economics, and Marketing and Transportation 
Administration. 
The definition of a food loss or waste is very important to 
the interpretation of results found in the published literature. 
Although it is possible to define a loss or waste in many ways, 
the discussion to be presented will use a single definition. This 
definition indicates that a loss or waste is equivalent to the 
mass of raw food commodity that is not a part of the primary 
product delivered to the consumer. Although this definition does 
have limitations, it provides for consistency of interpretation 
throughout the food chain. The losses and wastes presented in the 
NFS report deal with four commodities including apples, potatoes, 
fluid milk and fresh beef. 
A summary of the losses occurring during delivery of fresh 
beef to the consumer are presented in Table 1 .  These results 
illustrate that approximately 1 .3% of the animals weight is lost 
prior to slaughter while over 4 0 %  of the loss occurs during the 
slaughtering and trimming process. Following slaughter and 
trimming, the amount of loss occurring during distribution depends 
upon the manner in which distribution is handled. An overall 
approximation of losses indicates that cumulative losses are 
approximately 47  to 4 8 %  or yield would be in excess of 5 2 %  of the 
original animal weight. It is obvious that the majority of the 
loss occurs during the slaughter process and it is recognized that 
some of these materials are already used for various types of 
by-products. 
The losses occurring during handling, processing, distribution 
of fluid-milk are summarized.,in Table 2. When considering overall 
losses it is clear that they will be less than 7 %  of the oriqinal 
amount of raw milk entering-the food chain. The highest proportion 
of this loss occurs during processing but it seems evident that 
there is not sufficient magnitude to-be considered for by-product 
utilization. 
The losses occurring during handling, processing and distri- 
bution of apples and potatoes are presented in Tables 3 and 4. 
An analysis of these results indicates that the overall magnitudes 
of loss are very similar for the two commodities. Yields are just 
less than 4 0 %  indicating that losses of mass are 6 0 %  or slightly 
higher for both apples and potatoes. The two commodities are 
similar in that approximately 1 0 %  of the loss occurs during post- 
harvest handling and storage. The cumulative losses increase to 
approximately 2 5 %  during pre-processing sorting and handling. 
Dependinquponthe specific processed product considered, the 
overall losses increased to around 6 0  to 62.5% during processing. 
The losses in mass occurring during distribution of various apple 
and potato products is relatively small. In both cases the mass 
losses occurring during pre-processing and processing appear to 
be significant and should offer opportunities for by-product 
utilization as well as other considerations such as energy 
production. 
CURRENT RESEARCH 
Current research being conducted at Michigan State University 
deals with several aspects of losses and wastes in the food chain. 
The overall objective of the research can be stated in the 
following manner: to optimize the utilization of the raw food 
resource. In general, this research involves a more in-depth 
analysis of the losses and wastes occurring in the food chain 
for various commodities. 
The specific objectives of the current research effort 
include: a) to determine the magnitudes of the liquid and solid 
waste streams from food processing operations, b) to measure 
the composition of liquid and solid waste streams from food pro- 
cessing operations, c) to conduct energy and mass balance 
Table 1. Cumulative beef losses in the food chain 
Cumulative 
%Loss %Yield 
P;~ESLAUGHTE? %: ID t  IIIG 
Rznch to  
Feed 1 o t t c  
1 
- ) Trans i t  0.05% lo s s  
Auction yzrd t o  ) Hen-transi t 1.28% 
Slaughter giant ) 
PRGCESSING LOSES 
Conde~ned ?re-sl aughter 0.03% 
Condemned post-slaughter 0.30% 
Dark cu t t ing  besf (devalued) 0.50:; 
Slaughter losszs  40.002 
Hide 
Blood 
(1 1 %) 
Offal (edible)  [ 
Offal ( ined ib le )  (23%) 
Chi1 1 ing/zging 5.00% 
Tr irrn i ng 2 .OO% 
DISTRIBUTIO1.I (",beef in to  each'option) 
Carcass t o  r e t a  i 1 e r  (20%) 7.50% 
/or/ 
Central cut t ing (1 5 ; ; )  6.00% 
/or/ 
Boxed beef (657;)  2.50% 
Weighted average: 4.025: 
Table 2. Cumulative fluid milk losses in the food chain 
Cumulative 
%Loss %Yield 
MNDL IiiG A:ID TWilS?ORT 
Lcad zt farm 0.10%7 oss 
Haul 1 ,202 
Unload (spills; 0.03% 
Wash tanker 0.05% 
Total farm to plant 0.0875-1.2% (1%) 
PROCESSING (assumes no spills or leaks) 
Receive 0.184: 
Clarifylstandardize 0.072% 
Raw storage 3.18% 
Pasteurization/homogenization 0.722 
Pasteurized storage 0.18% 
Fill 0.27% 
Convey/cold storage 0.189: 
Returns 0.45: 
Total processing 1 osses 2.23% 
DISTRIBUTION 
Marketing 
Retail ing 
Total distribution losses 3.00% 
Table 3. Cumulative apple losses in the food chain 
Cumulative 
%Loss %Yield 
POST-HARVEST 
Hand1 i ng 
Storage 
Transi t 
PRE-PROCESSING 
Culls 1 
Brui sed 
PPOCESSING LOSSES 
Peel ing 
Coring 
Trim 
"Spl a t  te r"  
Specific products 
$1 ices, canned 
frozen 
dried 
Sauce 
Juice 
DISTRIBUTION 
Table stock: wholesale 
r e t a i l  
Processed : t r ans i t  
wholesale 
re ta i  1 
1% loss 
0-50% 
2% 
l ~ ~ ~ l e s  are highly susceptible to  mechanical damage, and may be marketed or processed 
in spi te  of bruising. Literature discussions focused on damage b u t  not on actual 
losses. Moreover, specific crop situations change from year to  year and influence 
1 osses . 
2 Eating apples are more carefully culled than processing apples, b u t  we have not 
considered those apples diverted into processing "losses." If we had, t h ?  loss 
figure would be much higher. 
Table 4. Cumulative potato losses in the food chain 
POST-HARVEST 
Hand1 i ng 
Storage 
Trans i t 
PRE-PROCESSII':G 
Soi 1 
Cull s ,  pickouts 
PROCESSING 
Peel ins  
0.8% loss  
6-25% 
1% (5-20:; bruised) 1 
10 90 
c u t t i n g ,  s l i c i n g ,  washing 10-40% 
Leachi ng 5-6.52 
Specif ic  products 
C h i p s  74-80", (42.24) 
French f r i e s  (raw cu t s )  25-50", (48.75) 
( f i n i sh  f r i e d )  55-702 (30.00) 
Canned 5-1 0% (67.50) 
Dried, f l akes  16-22% (sol i d s )  (20) 
Dried, s l i c e s  30-40% (sol i d s )  (10) 
62.5 37.5 
DISTRIBUTIOK 
Table stock: wholesale 1.5% 
r e t a i  1 4.01 
Processed : t r an s i  t 1 .O% 
who1 esal  e .05% 
r e t a i  1 0.1% 
h i g h l y  suscept ib le  t o  mechanical in ju ry ,  potatoes a r e  marketed and processed despite 
damage, and the l i t e r a t u r e  focused on damage ra ther  than on discards.  
2 Table stock may be s e l ec t i ve ly  cul led  for  s i z e  and qua l i t y ,  b u t  the rejected tubers 
wi l l  not be discarded. T h u s ,  we have not included t ha t  " loss"  in the cunulative 
col urnn . 
ana lyses  on i n d i v i d u a l  u n i t  ope ra t ions  w i t h i n  t h e  food process ing  
p l a n t  and d )  t o  s e l e c t  t h e  most a p p r o p r i a t e  t echno log ie s  f o r  
u t i l i z a t i o n  of t h e  waste s t reams from p roces s ing  o p e r a t i o n s .  The 
r e s e a r c h  is  focus ing  on l o s s e s  and wastes  occu r r ing  a t  t h e  pro- 
c e s s i n g  o p e r a t i o n  i n  an e f f o r t  t o  determine whether t h e  magnitude 
of t h e  l o s s e s  and was tes  i s  s u f f i c i e n t  t o  s a t i s f y  e x i s t i n g  
t echno log ie s  f o r  u t i l i z a t i o n  of t h e s e  l o s s e s  and was tes .  Hopefully 
t h e  a p p r o p r i a t e  s c a l e  o f  technology can be s e l e c t e d  s o  t h a t  t r a n s -  
p o r t a t i o n  of  t h e  waste m a t e r i a l s  w i l l  no t  be r e q u i r e d  i n  o r d e r  t o  
make use of t h e  technology.  
An example of  t h e  magnitude of  l o s s e s  o c c u r r i n g  du r ing  t h e  
s l a u g h t e r i n g  o p e r a t i o n  from f r e s h  beef i s  p re sen ted  i n  Table 5. 
Based on t h e  r e s u l t s  p re sen ted  541 l b s .  of  waste m a t e r i a l  a r e  
genera ted  from each 1000 l b  animal.  O v e r a l l ,  based on 1975 
produc t ion  f i g u r e s  i n  t h e  United S t a t e s ,  18,940 m i l l i o n  l b s  of  
waste m a t e r i a l  a r e  genera ted  by t h e  beef s l a u g h t e r i n g  processes .  
Although t h i s  r e p r e s e n t s  a  very s i g n i f i c a n t  f l g u r e ,  ~t must be 
recognized t h a t  t h e s e  was tes  a r e  genera ted  a t  d i s p e r s e d  l o c a t i o n s  
and any technology t h a t  might be u t i l i z e d  t o  recover  t h e s e  waste 
m a t e r i a l s  must be s c a l e d  t o  t h e  s i z e  of  e x i s t i n g  s l a u g h t e r i n g  
ope ra t ions .  A more s p e c i f i c  a n a l y s i s  of  app le  p roces s ing  ope ra t ions  
is  e v i d e n t  from r e s u l t s  i n  Table 6 .  I t  i s  ev iden t  t h a t  t h e  ma jo r i t y  
of t h e  waste m a t e r i a l s  occur  due t o  b r u i s e s  on raw app le s  and t h a t  
p e e l i n g  is  t h e  primary p roces s ing  o p e r a t i o n  l e a d i n g  t o  waste 
m a t e r i a l s .  Other r e d u c t i o n s  i n  mass may be c l a s s i f i e d  a s  i n t en -  
t i o n a l  l o s s e s  a s s o c i a t e d  wi th  removal of wate r  from t h e  product .  
A more in-depth a n a l y s i s  of  t h e  p o t a t o  p roces s ing  o p e r a t i o n  
can be a t tempted by f i r s t  recogniz ing  t h e  va r ious  processed 
produc ts  based on raw p o t a t o e s .  The i l l u s t r a t i o n  i n  F igure  1 
i n d i c a t e s  t h a t  p o t a t o  produc ts  can be p laced  i n  5  c a t e g o r i e s  
i nc lud ing  p o t a t o  c h i p s ,  p o t a t o  f l a k e s ,  f r ench  f r i e s ,  d r i e d  p o t a t o e s  
and canned po ta toes .  I t  i s  a l s o  ev iden t  from t h e  i l l u s t r a t i o n  
t h a t  many of t h e  p re l imina ry  s t e p s  f o r  handl ing  t h e  raw product  
a r e  t h e  same f o r  v a r i o u s  f i n a l  p roduc ts .  An in-depth a n a l y s i s  of  
t h e  l o s s e s  and was tes  occur ing  dur ing  p roces s ing  p o t a t o e s  i s  
summarized i n  Table 7. I n  t h i s  t a b l e  a l l  r e s u l t s  a r e  p re sen ted  
a s  ki lograms of p roduc t  l o s s  p e r  ki logram of raw po ta to .  A review 
of  t h e s e  r e s u l t s  i n d i c a t e s  t h a t  p e e l i n g  a s  w e l l  a s  s l i c i n g  and 
c u t t i n g  o f  t h e  raw produc t  gene ra t e  s i g n i f i c a n t  magnitudes o f  
s o l i d  waste f o r  each of  t h e  4 f i n a l  p roduc ts .  For p o t a t o  c h i p s  
and f rench f r i e s  t h e  magnitude of  t h e  l o s s e s  a r e  n e a r l y  .25 
ki lograms p e r  ki logram of  r a w  po ta to .  Although magnitudes of 
l o s s e s  a r e  l a r g e  i n  t h e  c a s e  of  f r y i n g  f o r  p o t a t o  c h i p s  and d ry ing  
i n  t h e  c a s e  of  p o t a t o  f l a k e s ,  t h e s e  va lues  a r e  a lmost  e n t i r e l y  
wate r  removed from t h e  o r i g i n a l  product .  I t  i s  e v i d e n t  t h a t  any 
i n t e r e s t  i n  recovery of  p o t a t o  s o l i d s  t h a t  a r e  c u r r e n t l y  l o s t  
should focus  on t h e  p e e l i n g ,  s l i c i n g  and c u t t i n g  ope ra t ions .  
The conc lus ions  based on ou r  p re l iminary  a n a l y s i s  of  p o t a t o  
p roces s ing  o p e r a t i o n s  would i n d i c a t e  t h e  fo l lowing:  a )  most waste 
p o t a t o  s o l i d s  a r e  a s s o c i a t e d  wi th  pee l ing ,  s l i c i n g  and c u t t i n g  
o p e r a t i o n s  and t h e s e  waste  s t reams should be segrega ted  from o t h e r  
s t reams  t o  a s s u r e  e f f i c i e n t  u t i l i z a t i o n ,  b )  thermal  waste s t reams  
from f r y i n g  and dehydra t ion  o p e r a t i o n s  should be analyzed more 
Table 5 . S m a r y  of typical losses ' and yields during 
beef processingl 
Total 1975 
Single animal 2 production 3 
Losses Yields Losses Yiel ds 
B. l b .  
35 Live weight 
Slaughter losses 
Blood 
Hi de 
Offal (inedible): 
Processing scrap 
Edible organ rreat 
Carcass weight 
Aging losses 
Hoisture 
Tri rn 
Aged carcass wei gnt 
Division losses 
Into pr imal  ssand 
re ta i l  cuts 
Yield r e t a i l  cuts 
Total losses 
Total edible yield 
Fluscle meat 
Organ meat 
' ~ e a l i z i n ~  t h a t  each animal i s  different,  th is  sumcary a t -  
tempts to  combine information found into "typical " loss 
picture. 
21000 lb. ,  yield grade $2 (See table 9 ) .  
3 ~ n  fiscal year 1975, 34,906,670 beef ca t t l e  were slaugh- 
tered and passed inspection. For purposes of t h i s  re- 
port, 35 bi l l ion lb. l ive :./eight, yield grade #2,  wss 
assumed. 
4 ~ a r t i  a1 ly recoverable, variable economic return. 
'product los t  in reeoving hid?, bones, sp l i t t i ng  carcass, 
etc.;  value influenced by sk i l l  and care o f  employees. 
61ncludes bones, suet,  scrzp; influenced by s k i l l  and 
care of cut ters  as we11 as management policy on de- 
gree of trim. 
r-i 
A 
a 
B 
Receive  L=J 
I S o r t   
S t o r a g e  
. 
Grade c=' 
4 reel 
. . .  . , + 
w * 
I FRIES 
FLAKES Y - i  DRIED ckl 
CANNED eI 
F i g u r e  1 .  P r e p a r a t i o n  sequence  f o r  p r o c e s s e d  p o t a t o  p r o d u c t s  
Table 7. Estimated waste stream magnitudes from various unit 
processes for potato products. (All values represent 
kg loss/kg raw potato). 
ilflit . Pota to  French Canned Po ta to  
Operation Chips, F r i e s  Pota toes  Flakes 
Pre-processing 0.05 0.05 0.05 0.05 
Peel ing  0.095 0.095 0.057 0.095 
Sl ic ing-Cut t ing  0.13 0.13 0.014 0.086 
Washing 0.04 0.04 
Frying 0.52 
Elanching 
Par f r y i n g  
Canning 
Drying 
To ta l  0.835 
thoroughly  t o  e v a l u a t e  o p p o r t u n i t i e s  f o r  energy  r ecove ry ,  and 
C )  p r e l i m i n a r y  e s t i m a t e s  i n d i c a t e  t h a t  between . 9 7  and 2.9  l i t e r s  
of  e t h a n o l  cou ld  be  g e n e r a t e d  from was te  s t r e ams  f o r  each 1 0 0  
ki lograms  of raw p o t a t o e s .  
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APPENDIX B: LIST OF WASTES, BY-PRODUCTS AND 
OTHER RAW MATERIALS REFERRED TO 
IN PAPERS PRESENTED AT THE TASK 
FORCE MEETING ON NEW TECHNOLOGIES 
Wastes or By-Products: 
Cotton seed husks 
Tannery wastes 
Wood waste 
Straw 
Peanut press cake 
Cocanut press cake 
Poultry feathers 
Molasses 
Palm oil extraction waste 
Rum and other alcohol distillation residues 
Coffee processing waste 
Deproteinized leaf juice (from green crop fractionation) 
Potato, wheat and maize starch processing wastes 
Citrus pulp 
Citrus molasses 
Banana waste 
Fruit and vegetable processing wastes 
Distillers dried grains 
Slaughterhouse effluent 
Rice starch factory effluent 
Corn bran 
Cotton stalks 
Potato processing industry wastes 
Cheese whey 
Broiler litter 
Sewage sludge 
Sulphite waste liquor 
Paper production wastes 
Sugar b e e t  j u i c e  
Sugar b e e t  p u l p  
Sugar cane  s t a l k s  
Sunflower ( f l ower  head a f t e r  s eed  removal)  
Sunflower husks  
Ol ive  o i l  e x t r a c t i o n  was t e  
O l i v e  s eed  was te  
Other  Raw M a t e r i a l s  : 
Methanol 
E thano l  
A l f a l f a  l e a v e s  
Cassava (manioc) 
Soya beans  
